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TH/S  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  annual  meeting  of  the  Engineers'  Society  of  Western 
Pennsylvania  was  held  in  the  lecture  room  of  the  Society’s  house, 
410  Penn  avenue,  Pittsburgh,  Pa.,  Thursday  evening,  January  7, 
1904.  In  the  absence  of  the  President,  Mr.  Chester  B.  Albree, 
who  is  abroad  for  his  health,  Mr.  James  M.  Camp,  Vice-President, 
occupied  the  chair,  48  members  and  visitors  being  present.  The 
meeting  was  called  to  order  at  8:30  p.  m.  by  the  presiding  officer. 
The  minutes  of  thv.  preceding  annual  meeting  were  read  and  ap¬ 
proved. 

The  report  of  the  Board  of  Directors  was  read  by  the  Secre¬ 
tary,  as  follo\.  * : 


REPORT  OF  THE  BOARD  OF  DIRECTORS. 

The  Board  of  Direction  recommend  to  the  Society  that  the 

following  names  be  dropped  from  the  rolls  on  account  of  non-pay¬ 
ment  of  dues:  Back  four  years,  C.  H.  Snyder,  W.  J.  Knox,  G.  A. 
F.  Ahlberg,  W.  CX.Renkin,  and  J.  B.  Jenkins.  Back  three  years, 
F.  T.  Aschman,  John  M.  Bailey,  A.  F.  Brown,  T.  G.  Hamilton,  K. 
A.  Juthe,  A.  P.  Kirtland,  W.  H.  Ledger,  J.  E.  Schlicper,  W.  E. 
Shrom,  and  P.  K.  Slavmaker.  Back  two  years,  R.  D.  Bowman. 
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On  motion,  of  aMu  EiiijLrSwenssan,. the, recommendation  of 
the  Board  was  approved*  •”»  •  *  i  ’!  !  i 

A  ir  r  (  C  (  t  •  •••••*  i  t  (  •  (  (  f  r  ( 


REPORT  OF  THE  HOUSE  COMMITTEE. 


Pittsburgh,  Pa.,  Jan.  7,  1904. 

To  the  President  and  Board  of  Directors ,  Engineers'  Society  of 

Western  Pennsylvania : 

Gentlemen— Your  Blouse  Committee  beg  to  report  as  fol¬ 
lows  : 

The  work  during  the  past  year  has  been  mostly  the  routine 
work  assigned  to  that  Committee,  the  only  improvements  of  any 
note  being  the  arranging  of  the  room  on  the  third  floor  front  so 
as  to  properly  care  for  our  proceedings  and  current  periodicals. 
There  has  been  some  renovating  in  the  cellar  of  the  building,  also 
some  papering  in  the  rooms  of  the  janitress.  The  only  expense 
incurred  has  been  for  the  lumber  for  the  shelving  in  the  room 
third  floor  front. 

The  Blouse  Committee  also  arranged  for  the  rental  of  the  two 
room?  on  the  first  floor  front,  to  Dr.  Cruikshank,  by  the  Common¬ 
wealth  Real  Estate  Trust  Co.  This  tenant  proved  undesirable 
and  the  rooms  are  again  vacant. 

Also  desire  to  thank  your  President,  Mr.  Albree,  for  donat¬ 
ing  a  stand  for  the  projection  lantern. 

Respectfully  submitted, 

House  Committee. 

(Signed)  Fred.  C.  Schatz,  Chairman. 


REPORT  OF  THE  LIBRARY  COMMITTEE. 

Duouesne,  Pa.,  Tan.  6,  1904. 

Mr.  Chester  B.  Albree,  President  Engineers’  Society  of  West¬ 
ern  Pennsylvania,  Pittsburgh,  Pa. : 

Dear  Sir — Pursuant  to  your  request,  asking  for  a  written  re¬ 
port  of  the  work  done  by  the  Library  Committee  during  the  past 
year,  I  am  pleased  to  say  this  committee  has  done  all  its  hands 
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found  to  do,  and  that  was  nothing. 

In  March  of  1902  the  Board  was  authorized  to  give  in  trust 
all  books  of  the  nature  of  back  government  reports  to  the  Car¬ 
negie  Library,  and  to  place  other  books  in  cases  on  the  second 
floor  This  action  was,  however,  rescinded  at  the  September 
meeting.  In  the  meantime,  owing  to  the  increased  attendance  at 
the  meetings,  due  to  our  rapid  growth  and  the  widespread  interest 
of  the  papers  read,  our  assembly  room  was  found  inadequate,  and 
during  the  negotiations  leading  up  to  the  disposal  of  the  library 
the  book  cases  and  their  contents  were  removed  from  the  assem¬ 
bly  room  to  give  greater  seating  capacity,  and,  as  we  then  thought, 
temporarily,  to  the  room  underneath  the  assembly  room.  These 
changes  and  marked  improvements  in  the  Society’s  quarters  were 
completed  in  time  for  the  September  meeting,  and  at  this  or  one 
of  the  subsequent  meetings  the  Society  forbade  the  transfer  of  the 
part  of  the  library  to  the  Carnegie  Library,  the  only  institution  up 
to  that  time  and  this  that  showed  any  inclination  to  take  it ;  and 
as  a  consequence,  the  library  is  still  stored  in  the  room  underneath 
the  assembly  room,  where  it  seems  to  serve  its  purpose  equally  as 
well  as  it  did  previous  to  its  removal. 

These  are  our  excuses  for  inaction.  Certainly,  there  is  no 
room  for  the  accessible  disposition  of  our  library  in  the  present 
Society’s  quarters.  Its  return  to  the  assembly  room  would  ma¬ 
terially  reduce  our  seating  capacity,  which  now  is  rarely  in  excess 
of  the  attendance.  With  a  membership  of  870,  we  have  seating 
capacity  for  125. 

This  committee  would  urge  that  the  Society  take  some  action 
as  to  the  disposition  of  its  library,  valuable  in  its  time,  but  now 
outclassed  by  the  up-to-date,  splendidly  equipped  free  libraries  of 
our  two  cities.  It  might  be  advisable  to  fit  up  the  two  rooms  of 
the  first  floor,  which  are  now  vacant,  bearing  in  mind  that  our 
lease  expires  April  1st.  1906,  and  by  utilizing  this  space  and  that 
which  can  be  spared  of  the  two  rooms  on  the  second  floor,  make 
the  library  accessible.  But,  if  this  is  not  feasible,  we  would  rec¬ 
ommend  its  disposal  by  gift  in  trust,  bv  gift  outright,  or  by  sale 
to  the  highest  bidder,  with  such  reservations  of  books  and  cases  as 
are  deemed  best.  .  Yours  truly, 

(Signed)  J.  M.  Camp. 
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RETORT  OF  THE  PROGRAM  COMMITTEE. 

Pursuant  to  the  requirements  of  the  constitution  for  a  report 
from  all  standing  committees  at  the  annual  meeting,  it  is  the  pleas¬ 
ure  of  the  Program  Committee  to  report  a  very  successful  year. 
Papers  of  great  general  interest  have  been  presented  at  the  ten 
regular  meetings  of  the  Society,  covering  a  broad  yange  of  topics 
that  were  deemed  to  be  of  special  local  interest.  Twenty-eight  pa¬ 
pers  were  read,  of  which  number  eighteen  were  supplied  by  mem¬ 
bers  of  the  Society,  the  other  nine  being  from  distinguished  vis¬ 
itors,  who  kindly  consented  to  read  papers  along  the  lines  of  their 
particular  specialties.  The  National  Bureau  of  Standards  has 
contributed  three  (counting  Dr.  Waidner’s  paper  to  be  presented 
on  the  19th  of  this  month),  extremely  interesting  papers  that  will 
prove  to  be  valuable  contributions  to  the  proceedings. 

The  meetings  have  been  divided  between  those  devoted  to 
one  paper  per  evening  and  those  on  which  several  short  papers 
have  been  given.  It  is  impossible  for  the  committee  to  state  which 
it  considers  of  greater  value.  It  can  state,  however,  that  the  one 
paper  per  evening  is  easier  on  the  committee. 

The  papers  have  all  been  on  engineering  topics,  with  as  little 
of  the  political  side  as  is  possible  in  discussing  the  live  local  en¬ 
gineering  subjects,  and  judging  from  the  attendance  at  the  meet¬ 
ings  they  have  been  what  was  desired. 

The  proceedings  have  not  been  published  as  promptly  as  they 
should  have  been,  and  the  committee  takes  its  share  of  blame  in 
the  matter.  For  fear  that  some  misunderstanding  may  arise  as 
to  the  committee’s  share,  the  following  explanation  of  the  delays 
is  offered : 

After  reading  a  paper  before  the  Society,  the  majority  of 
writers  desire  to  revise  certain  parts  of  their  papers,  and  no 
amount  of  coaxing  can  get  the  manuscript  from  them,  -with  the 
understanding,  too,  that  they  can  correct  the  proof  to  suit  them¬ 
selves. 

This  causes  delay  number  one,  and  generally  requires  two 
or  three  letters  from  the  committee  before  the  manuscript  is  turned 
in.  This  delay  has  amounted  to  more  than  a  month  in  several 


cases. 


ANNUAL  MEETING. 


5 


Then  the  proof-reading1  on  the  part  of  the  author  of  the  paper 
and  each  individual  taking  part  in  the  discussion  takes  from  a 
week  to  three  weeks.  The  committee,  understand,  is  urging  as 
strongly  as  it  can  all  this  time,  the  parties  causing  the  delay,  and 
aside  from  the  time  taken  by  the  printer  in  getting  out  proof  and 
then  the  final  publication,  the  committee  is  at  fault. 

A  great  inconvenience  has  been  experienced  by  the  commit¬ 
tee  due  to  members  failing  to  reply  promptly  to  letters  asking 
either  for  papers  or  suggestions,  and  of  all  members  thus  at  fault 
the  ex-presidents  are  the  worst. 

It  is  to  be  hoped  that  the  new  committee  will  not  experience 
these  difficulties,  and  it  is  with  the  object  of  calling  the  Society’s 
attention  to  the  troubles,  that  they  are  mentioned  here. 

V ery  respectfully  submitted  by 

The  Program  Committee. 

(Signed)  *  ^  S.  M.  Kintner,  Chairman. 

REPORT  OF  THE  RECEPTION  COMMITTEE. 

Pittsburgh,  Pa.,  Jan.  yth,  1904. 

To  the  President ,  Engineers'  Society  of  Western  Pennsylvania : 

Dear  Sir — Your  committee  for  1903  submits  the  following 
report :  To  have  the  members  gather  together  for  a  social  dinner, 
followed  by  informal  toasts,  preceding  the  regular  monthly  meet¬ 
ings  was  a  feature  the  Reception  Committee  hoped  to  carry 
through  the  past  year.  The  February  dinner  at  the  University 
Club,  with  but  twenty-four  gathered  about  the  festive  board,  was 
too  poorly  attended  to  permit  us  to  continue  the  arrangements  so 
notably  inaugurated  by  our  predecessors.  Through  the  courtesy 
of  the  proprietor  of  the  Union  restaurant  at  the  Frick  building, 
we  enjoyed  a  bountiful  spread  before  our  April  and  May  meet¬ 
ings.  Forty  members  attended  the  April  dinner;  thirty-five  the 
one  in  May.  These  occasions  proved  very  enjoyable.  Sparks  of 
wit  and  wisdom  flew  with  frequency.  But  the  small  attendance 
compelled  us  to  reluctantly  discontinue  this  part  of  the  year’s 
program. 

Smokers :  Three  smokers  were  held  during  the  vear.  On 
February  14th  and  May  30th  they  were  in  our  auditorium.  A 
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smoker  was  held  on  board  the  steamboat  “Mayflower”  Septem¬ 
ber  25th.  The  average  attendance  at  these  smokers  was  sixty- 
two.  Refreshments  were  served  and  there  was  music  to  enliven 
the  occasion,  with  a  fund  of  good  stories  thrown  in  that  would  do 
credit  to  any  body  of  engineers.  Capt.  John  F.  Klein  contributed 
the  boat  for  the  river  smoker,  giving  the  members  an  interesting 
view  of  the  mill  district  at  night. 

Tour  of  the  Frick  building:  On  the  night  of  April  18th 
over  two  hundred  of  the  members  inspected  the  Frick  building 
from  roof  to  cellar.  Beginning  with  the  luxuriously  furnished 
rooms  of  the  L  nion  Club  on  the  top  floor,  the  party  descended  by 
stages.  The  building  was  found  to  be  magnificent  in  its  scope 
and  appointments.  The  sweeping  of  the  rooms  by  suction,  the 
public  safe  deposit  vault  of  the  Union  Savings  Bank  (it  being  the 
largest  armor  plate  vault  in  the  world),  w^ere  objects  of  unusual 
interest.  The  plant  situated  in  the  cellar  for  supplying  heat, 
light,  power,  drinking  water,  etc.,  proved  to  be  an  aggregation  of 
mechanical  genius.  At  the  close  of  the  inspection  a  “Dutch  treat” 
was  served  in  a  private  apartment  of  the  Union  restaurant. 

Excursion  to  the  Iron  City  Brewery:  On  Friday  night,  May 
15th,  more  than  a  hundred  enjoyed  the  hospitality  of  the  Pitts¬ 
burgh  Brewing  Company.  The  Iron  City  Brewery  was  visited. 
The  opportunity  to  view  the  various  processes  of  brewing,  han¬ 
dling  and  bottling  of  beer  was  of  great  scientific  and  commercial, 
if  not  of  personal  interest.  Besides  a  fine  power  plant,  there  was 
a  cooper  shop  that  brought  forth  the  greatest  admiration  for  its 
mechanical  ingenuity.  This  shop  was  working  at  night  especially 
for  our  members  to  see  the  operation  of  making  kegs  by  ma¬ 
chinery.  At  the  close  of  the  inspection  a  bountiful  lunch  was 
served  to  us  during  which  time  a  real  German  band  rendered 
selections. 

Excursion  to  Brilliant :  Our  last  excursion  of  the  year  was 
to  the  large  operations  about  Brilliant  on  Saturday  afternoon,  Oc¬ 
tober  10th.  One  hundred  and  five  participated.  By  courtesy  of 
the  Pennsylvania  Railroad,  a  special  car  was  reserved,  including 
complimentary  transportation  for  the  party,  on  the  express  leaving 
Union  Station  at  1  :30.  Upon  the  arrival  at  Brilliant  the  party 
inspected  the  city  pumping  station  and  saw  the  new  pumps  that 
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were  being  installed.  The  construction  of  the  lock  for  Dam  Xo. 
2,  on  the  Allegheny  river,  was  then  gone  over.  After  an  examina¬ 
tion  of  the  concrete  walls  then  under  construction,  the  Dravo 
Construction  Company,  the  contractors  for  this  work,  handsomely 
entertained  the  party  at  a  luncheon  on  board  their  dredge  boat. 
The  remainder  of  the  afternoon  was  spent  in  viewing  the  Penn¬ 
sylvania  Railroad  bridge  below  the  station,  and  in  going  over  the 
Brilliant  Cut-Off  work  being  done  by  the  railroad  company  to  a 
connection  with  the  main  line  at  Fifth  Avenue.  The  masonry 
arches  over  Silver  Lake  were  notable  and  very  interesting  feat¬ 
ures  of  the  very  large  work  then  in  progress. 

Your  committee  feels  that  the  bringing  of  the  members  to¬ 
gether  on  special  occasions  is  very  desirable  to  the  individual  as 
well  as  the  general  welfare  of  the  Society.  We  think  excursions 
are  of  much  benefit  in  showing  the  member  what  is  going  on  and 
it  has  a  tendency  to  keep  him  up-to-date. 

The  annual  banquet  of  1903  has  been  reported  by  the  pre¬ 
vious  committee.  Your  committee  is  now  preparing  for  the  ban¬ 
quet  to  be  held  next  month. 

In  closing  our  report  we  regret  the  absence  of  our  president, 
Mr.  Chester  B.  Albree,  but  wish  him  success  in  his  quest  for  health 
in  northern  Africa.  Yours  very  truly, 

Geo.  T.  Barnsby, 
Chairman  Reception  Committee. 

By  Mr.  Camp — You  have  heard  the  reports  of  the  commit¬ 
tees,  gentlemen.  What  is  the  pleasure  of  the  Society? 

Motion  accepting  reports  of  standing  committees,  with  thanks, 
carried. 

The  report  of  the  Treasurer  was  then  read  by  Mr.  A.  E.  Frost, 
as  follows : 

REPORT  OF  TREASURER. 

The  Treasurer  submits  the  following  detailed  statement  of 
receipts  and  expenditures,  for  the  fiscal  year  ending  January  7, 
1904: 
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Receipts. 

Balance,  as  reported  January  6,  1903 .  $  364  27 


Dues 

,  to  January, 

1901,  at  $5.00 

2 . 

00 

7 

00 

1 . 

....  7 

00 

(( 

it 

it 

1902,  “ 

5 

00 

5 . 

....  25 

00 

(i 

it 

it 

it  it 

7 

00 

9 . 

....  63 

00 

it 

it 

it 

1903,  “ 

5 

00 

10 . 

50 

00 

7 

00 

22 . 

....  154 

00 

a 

it 

it 

1904,  “ 

5 

00 

113 . 

565 

00 

a 

it 

it 

it  ii 

8 

00 

541 . 

....  4,328 

00 

a 

it 

it 

1905,  “ 

5 

00 

1 . 

00 

a 

it 

it 

1903,  “ 

1 

75 

8 . 

....  14 

00 

a 

it 

it 

1904,  “ 

6 

00 

74 . 

....  444 

00 

3 

75 

12 . 

....  45 

00 

a 

it 

it 

a  a 

4 

00 

18 . 

72 

00 

2 

50 

3 . 

7 

50 

a 

it 

it 

a  a 

2 

00 

28 . 

56 

00 

it 

it 

a  a 

1 

25 

2 . 

....  2 

50 

Life  Membership, 

• 

1 . 

....  100 

00 

Initiation  Fees, 

325 . 

....  1,625 

00 

On  account. 

50 

Rent 

of  rooms  in 

Society-House 

....  603 

54 

Sale 

of  Proceedings . 

648 

05 

For  binding 

Proceedings  for  members . 

....  30 

50 

Badge  Buttons... 

00 

Advertising. 

14 

00 

Total .  $8,876  59 


$9,240  86 

Expenditures. 

Rent .  $1,560  00 

Light  and  Heat .  259  11 

Salary  of  Secretary .  600  00 

Office  Expenses .  526  52 

Water  Tax  (2  years) .  107  63 

Heater .  150  00 

Projection  Lantern .  144  60 

Miscellaneous  Improvements  .  130  89 

Printing .  1,729  80 

Telephone .  66  99 

Stenographic  Reports  of  Meetings .  150  00 

Periodicals .  18  35 


Total .  $5,443  89 

Balance .  3,796  97 


$9,240  86 

The  above  is  an  exhibit  of  the  general  working  fund  of  the  Society. 
The  amount  of  the  building  fund,  with  interest  accrued,  is. .  $1,247  81 


Amount  of  lunch  fund .  14  74 

Amount  of  key-deposit  fund .  25  00 


Respectfully  submitted, 

A.  E.  Frost, 

Treasurer. 


Pittsburgh,  January  7,  1904. 
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REPORT  OF  THE  AUDITING  COMMITTEE. 

Your  committee  appointed  to  audit  the  books  of  the  1  reas- 
urer,  wish  to  report  that  they  have  performed  that  duty  and  have 
found  same  correct. 

F.  V.  McMullin. 

T.  J.  WlLKERSON. 

Wilder  Altman. 

REPORT  OF  THE  SECRETARY  FOR  THE  YEAR  ENDING  JAN.  /TH,  I904. 


Members  at  close  of  year  ending  January  8th,  1903 .  588 

At  the  annual  meeting,  Jan.  20th,  1903,  there  were  seven 

names  dropped  from  the  roll .  7 

There  were  thirty-four  (34)  resignations  and  six  (6)  deaths 

during  the  year;  a  total  of .  40 

A  total  loss  of .  47 

During  the  year  nine  (9)  of  the  applicants  elected  in  1902  ma¬ 
triculated  .  9 

There  were  also  two  (2)  new  honorary  members  elected  and 

one  member  advanced  .  2 

During  the  year  three  hundred  and  eighty-four  (384)  appli¬ 
cants  were  elected  members,  and  of  these  three  hundred 
and  eighteen  (318)  matriculated .  318 

A  total  gain  of .  329 

Making  a  net  gain  of .  282 

Total  membership  Jan.  7th,  1904 .  870 


Average  attendance  at  the  regular  meetings  of  the  Society 
during  the  year  was  107. 

Approximate  amount  of  dues  and  initiation  fees  unpaid  and 
owing  to  the  Society,  $915.25. 

/  Charles  W.  Ridinger, 

Secretary. 

By  Mr.  Camp — There  are  no  more  committees  to  report,  and 
will  call  on  Mr.  Ralph  Albree  to  tell  us  how  his  brother  is  getting 
along. 

By  Mr.  Ralph  Albree — We  got  a  letter  to-day  saying  that 
he  is  in  very  much  better  health.  He  is  weighing  more  than  he 
has  ever  weighed  in  his  life  before.  If  the  doctors  would  only  let 
him  come  home  he  would  be  satisfied.  He  is  all  right  and  feels 
perfectly  well.  The  doctors,  however,  want  him  to  stay  there  this 
spiing. 


10 


ENGINEERS'’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


By  Mr.  Camp — That  is  very  encouraging  news.  The  next  is 
the  election  of  officers.  I  believe  that  never  before  in  the  Society’s 
life  has  the  presiding  officer,  through  the  absence  of  the  regular 
president,  had  the  pleasure  of  nominating  the  committee  to  nomi¬ 
nate  himself  for  the  presidency.  The  result  shows  that  I  have  se¬ 
lected  my  committee  well.  The  nominated  officers  are  : 


For  President  (i  year) . James  M.  Camp 

For  1st  Vice  President  (i  year) . Samuel  Diescher 

For  2nd  Vice  President  (i  year) . G.  E.  Flanagan 

For- Directors  (2  years)  .  J.  K.  Lyons  and  Willis  Whited 

For  Treasurer  (1  year) . A.  E.  Frost 

For  Secretary  (1  year) . Chas.  W.  Ridinger 


By  Mr.  Camp — A  motion  for  the  secretary  to  cast  a  ballot 
will  be  in  order. 

By  Mr.  Engstrom — I  make  a  motion  that  the  secretary  be 
instructed  to  cast  a  ballot  for  the  officers  nominated. 

Motion  seconded  and  carried. 

By  Mr.  Camp — Gentlemen,  I  can  say,  like  my  predecessors 
have  done,  I  thank  you  for  the  honor,  and  if  I  fill  the  office  as  well 
as  the  average  of  my  predecessors  I  will  be  doing  very  well.  We 
have  Mr.  Albree’s  paper,  sent  on  here  by  him  from  Gibralter.  I 
will  call  on  the  Secretary  to  read  it. 
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PRESIDENTS’  ANNUAL  ADDRESS. 

TO  THE  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA  FOR  THE 

YEAR  I903. 

Gentlemen — Circumstances  have  prevented  me  from  being 
present  during  our  meetings  since  the  summer  vacations,  but  the 
good  work  has  continued  under  the  care  of  your  worthy  vice 
presidents. 

It  has  been  a  year  of  phenomenal  growth  in  the  annals  of  our 
Society,  not  only  in  the  wonderful  increase  in  our  membership, 
but  in  the  high  character  of  the  papers  presented  and  the  estab¬ 
lishment  of  two  additional  sections,  the  Mechanical  and  the 
Structural.  Our  old  standby  Chemical  Section  has  been  reor¬ 
ganized,  uniting  with  the  Pittsburgh  branch  of  the  American 
Chemical  Society  in  joint  meetings,  and  their  meetings  have  been 
well  attended. 

The  social  features  have  not  been  forgotten,  and  opportuni¬ 
ties  have  been  frequent  for  meeting  each  other  for  conversation 
and  entertainment.  During  the  meeting  of  the  American  Society 
for  the  Advancement  of  Science  our  Society  tendered  them  a 
smoker  on  Capt.  Klein's  vessel,  which  was  very  enjoyable. 

The  successful  work  of  the  year  has  been  due  to  several 
causes,  all  contributing  to  the  welfare  and  growth  of  the  Society. 
Amc  ng  the  principal  may  be  mentioned  the  earnest  and  diligent 
efforts  of  the  different  committees,  and  of  their  chairmen;  to  the 
careful  and  excellent  papers  that  have  been  presented ;  to  the  in¬ 
teresting  and  instructive  discussions  following  their  presentation, 
and  above  all,  to  the  presence  at  every  regular  and  sectional  meet¬ 
ing  of  large  and  interested  audiences.  Minor  causes  have  been 
the  great  improvement  in  the  appearance  of  our  Society  rooms, 
the  acquirement  of  a  first-class  electric  lantern,  the  lighting  of  the 
premises  with  electricity,  and  the  promptness  in  the  publication 
of  our  transactions  and  the  enlarged  circulation  among  our  en¬ 
gineers  and  the  advertisers  who  have  used  it.  Our  exchange  list 
is  growing,  and  we  have  very  frequently  had  requests  from  far 
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off  societies,  libraries,  colleges,  etc.,  to  include  them  in  our  list. 

I  will  not  attempt  to  recapitulate  the  work  we  have  done. 
Our  transactions  have  placed  it  before  those  of  us  who  were  not 
fortunate  enough  to  attend  the  various  meetings.  I  shall  not  give 
yon  the  statistics  of  the  year,  which  you  have  already  had  in  the 
reports  of  the  secretary  and  treasurer,  and  from  the  chairmen 
of  committees.  I  can  only  say  that  the  wonderful  record  of  the 
year  has  been  a  great  source  of  pleasure  to  me.  That  the  asso¬ 
ciation  with  you  all,  and  the  hearty  cooperation  of  officers,  com¬ 
mittee  members,  sectional  officers  and  members,  have  made  the 
year  a  memorable  one  in  my  life,  and  that  the  future  looks  rosy 
for  our  continued  forward  progress. 

It  is  expected  that  a  president’s  retiring  address  shall 
be  a  species  of  final  paper  on  some  technical  question.  In¬ 
stead  of  discussing  any  special  engineering  matter  with  which 
I  am  familiar,  I  wish,  in  view  of  the  early  establishment  of 
the  Carnegie  Industrial  or  Trade  School,  to  present  to  you  a 
brief  outline  of  the  methods  and  equipments  of  similar  schools  in 
Germany  as  being  of  timely  interest.  While  in  Europe  last  sum¬ 
mer  I  visited  several  such  schools  in  different  cities,  and,  through 
the  courtesy  of  the  Directors,  was  enabled  to  examine  carefully  the 
curriculum,  methods,  equipment  and  management  ot  different 
types  of  schools — from  the  lower  grade  for  workmen  to  the  higher 
ones  for  industrial  art  workers,  and  for  the  education  of  superin¬ 
tendents,  managers  and  foremen.  The  year  books,  or,  as  we  call 
them,  ‘‘catalogues”  of  the  different  schools,  contain  full  informa¬ 
tion  as  to  the  courses  of  study — and  I  have  made  free  use  of  them 
in  preparing  this  paper. 

The  different  German  states  maintain  the  larger  schools,  and 
the  cities  the  lower  grade  schools,  but  in  all  of  them  the  scholars 
pay  tuition.  Non-residents  pay  about  one-half  more  than  resi¬ 
dents. 

I  will  describe  first  the  lower  trade  schools,  known  as 
Gewerben-schulen  (work  school),  of  Dresden  and  Nuremberg, 
following  with  the  higher  grade  schools  of  Chemnitz  in  Saxony,  as 
being  typical,  and  follow  with  descriptions  of  the  art  industrial 
schools,  or  Kunst-gewerben-schulen  of  Dresden  and  Nuremberg, 
and  of  the  museums  in  connection  with  them. 
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Starting  with  the  lower  grade  school  of  Dresden,  I  found  it 
located  in  the  newer  residence  portion  of  the  city,  in  a  fine  new 
building,  surrounded  with  lawns,  and  equipped  with  well  lighted 
and  ventilated  class  rooms,  lecture  hall  and  laboratories.  As  yet 
the  only  shops  are  devoted  to  electrical  work,  but  later  shops  for 
machine  and  wood  work  are  to  be  added. 

Only  boys  are  admitted,  and  they  must  present  certificates 
from  the  primary  schools,  or  pass  an  examination,  showing  equiva¬ 
lent  attainments.  There  are  two  main  classes  of  scholars.  The 
day  scholars,  pursuing  prolonged  courses,  and  the  evening  schol¬ 
ars,  averaging  about  two  years  older,  and  nearly  all  engaged  in 
practical  work  during  the  days.  Their  hours  are  from  7 130  to 
9:30  each  evening,  and  from  7  to  9  a.  m.  and  10:30  a.  m.  to 
2  p.  m.  Sundays. 

The  day  scholars,  averaging  about  15  years  old  when  enter¬ 
ing,  can  take  either  of  three  courses.  First,  the  general  course, 
for  bakers,  butchers,  servants,  cooks,  and  other  non-technical 
trades,  with  instruction  in  free  hand  drawing,  physics,  arithmetic, 
geometry,  history  and  geography,  German  language,  French, 
English,  bookkeeping  and  writing,  with  a  total  of  34  hours  per 
week  for  two  half  years. 

The  second,  building  workers’  courses,  for  plasterers,  carpen¬ 
ters,  masons,  bricklayers,  tinners,  plumbers,  etc.,  embracing  three 
half  years'  work  of  36  hours  per  week,  embracing  free  hand  draw¬ 
ing,  sketching,  geometrical  and  projectional  drawing,  elementary 
physics  and  mechanics,  elementary  chemistry,  building  materials 
and  methods,  algebra,  geometry,  history,  geography,  German  lan¬ 
guage  and  writing,  elementary  bookkeeping  and  reckoning, 
French,  English  and  modeling.  Third,  for  metal  workers,  such 
as  blacksmiths,  machinists,  moulders,  etc.  This  course  is,  in 
general,  the  same  as  for  the  building  trades,  except  that  study  of 
mechanical  materials  and  methods  are  pursued. 

Still  further  extensions  of  two  half  years  are  optional,  em¬ 
bracing  greater  mathematical  study,  physics,  and  detail  of  the  dif¬ 
ferent  trades,  with  laboratory  practice  in  electrical  work,  for  those 
who  have  completed  the  metal  trades  courses. 

The  year  is  divided  into  a  summer  and  winter  term.  Stu¬ 
dents  attending  during  the  winter  term  must  work  practicallv  in 
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some  shop  or  on  building  work — learning  the  craft  they  have 
chosen  during  the  summer — and  must  present  written  evidence  of 
such  time  spent  in  working  before  being  permitted  to  continue 
the  next  term’s  work.  The  summer  and  winter  terms  are  there¬ 
fore  alike,  but  attended  by  different  sets  of  students.  I  was  told 
by  the  superintendent  of  the  school,  Herr  Arnold  Kuknow,  that 
the  combination  of  six  months  actual  outside  work,  for  wages, 
with  the  course  of  study  of  six  months  following,  continued  for 
the  two  years,  had  proved  much  more  efficacious  in  turning  out 
capable,  intelligent,  skilled  workmen  than  the  method  of  giving 
trade  instruction  in  addition  to  the  study  in  the  schools. 

The  evening  classes  pursue  similar  studies,  but  necessarily 
can  not  cover  the  ground  as  fully  as  the  day  classes.  Both 
classes  of  scholars  hear  lectures  on  political  economy  and  kindred 
topics,  embracing  laws  relating  to  employees  and  factories,  in¬ 
surance  plans,  manufacture  and  distribution  of  products,  finance 
and  banking,  forms  of  government,  taxation,  military  and  naval 
equipment  and  service,  etc.,  etc. 

Excursions  to  large  industrial  works,  in  charge  of  instructors, 
have  been  found  an  excellent  means  of  giving  instruction  and 
arousing  enthusiasm.  In  1902  and  1903  there  was  an  average  of 
25  scholars  in  each  day  course,  and  five  to  six  times  as  many  in 
the  evening  classes.  The  total  number  of  day  scholars  in  sum¬ 
mer  term  in  1902  was  111,  and  evening  scholars  725.  In  the  win¬ 
ter  term,  day  scholars  196,  evening  scholars  663. 

The  scholars  learn  the  practical  part  of  their  trades  in  two 
or  three  ways.  Certain  trades  guilds  have  established  trade 
schools,  equipped  with  proper  machinery  and  tools,  to  teach  their 
own  craft.  These  schools  teach  only  the  manual  part  of  the  work, 
and  are  maintained  by  the  tuition  fees  of  apprentices  and  from 
the  treasury  of  the  guilds.  In  general,  they  are  only  open  to 
sons  of  guild  members. 

The  building  trade  scholars  generally  work  on  actual  build¬ 
ing  construction  during  the  summer.  The  metal  trades  scholars 
work  in  factories  as  apprentices.  None  of  them  can  obtain  master 
workmen’s  certificates  without  having  had  the  manual  training. 

-  To  especially  bright  and  ambitious  students,  further  courses 
are  open,  at  Chemnitz,  a  large  manufacturing  city  of  Saxony, 
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about  100  miles  from  Dresden,  where  students  are  trained  suffi¬ 
ciently  to  become  competent  superintendents  and  foremen.  These 
schools  will  be  described  later  in  this  paper. 

I  asked  the  Director  if  they  had  departments  for  girls,  and 
was  informed  that  there  were  schools  for  girls  where  they  could 
learn  sewing,  embroidery,  tailor  work,  cooking  and  household 
work,  etc.,  but  that  they  were  maintained  by  the  ladies  of  Dresden, 
without  municipal  assistance. 

I  asked  also  if  there  were  manual  training  departments  in 
the  primary  schools,  such  as  we  have  here  in  Pittsburgh  and  Alle¬ 
gheny.  He  said  in  one  or  two  of  the  lower  schools  a  little  had 
been  attempted  in  that  direction,  but  not  much,  as  the 
Gcwerben-schulen  system  later  served  better. 

They  have  a  system  of  honors,  consisting  of  a  silver  medal 
for  the  very  best  student,  book  prizes  for  others,  and  honorable 
diplomas  or  certificates  for  those  still  lower  in  standing.  These 
are  highly  esteemed  and  serve  as  a  real  stimulus  to  the  students. 
The  laboratories  are  fairly  equipped  with  models  relating  to  the 
different  trades,  and  a  good  library  with  nearly  all  periodicals, 
technical  and  trade  literature,  in  German,  French  and  English,  in 
comfortable  quarters,  is  maintained  and  well  used. 

The  whole  tone  of  the  institution  is  practical  and  progressive. 
It  is  maintained  by  the  city  of  Dresden. 

THE  NUREMBERG  TRADE  SCHOOLS. 

The  Nuremberg  school  now  occupies  rather  poor  quarters 
within  the  old  fortifications,  but  a  fine,  large  building  is  in  course 
of  erection  outside  the  walls,  near  the  new  Kunst-gewerben-schu- 
len  Industrial  Art  School. 

Three  general  courses  are  offered.  First,  for  the  building 
trades,  second  for  the  metal  working  trades,  and  third  for  evening 
study.  The  school  closes  in  summer,  when  all  the  scholars  must 
work  practically  at  their  trades.  The  building  courses  last  five 
winter  terms.  The  metal  trade  schools  for  but  three  winter  terms. 
The  scholars  must  be  at  least  15  years  of  age,  and  must  give  cer¬ 
tificates  for  standing  from  the  lower  schools,  or  pass  an  entrance 
examination.  They  must  have  the  consent  of  parents  or  guard- 
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ians  to  attend,  and  must  present  evidence  of  actual  work  at  their 
selected  trade  for  at  least  one  summer. 

The  cost  is  39  marks  (about  $10),  and  scholars  must  find 
their  own  paper,  books  and  drawing  materials,  and  board  and 
lodge  themselves.  On  completion  of  courses,  certificates  as  to  the 
knowledge  of  both  scholastic  and  manual  attainment  are  given. 

The  courses  of  study  are  much  similar  to  those  described 
for  the  Dresden  schools,  except  that  more  time  is  given  to  study 
of  the  details  of  each  trade,  with  thorough  instruction  in  drafting 
pertaining  thereto.  Fifty  hours  a  week  are  required.  The  build¬ 
ing  trades  scholars  take  up  30  different  subjects  in  the  five  terms, 
and  the  metal  workers  17  in  their  three  terms.  The  sub-divisions 
include  the  following  trades  :  House  carpenters,  finish  carpenters, 
machine  wood  workers,  plasters,  bricklayers,  stonecutters  and 
masons,  railroad  engineers  and  firemen,  mechanics  and  machinists, 
stationary  engineers,  house-smiths,  machine  blacksmiths,  electri¬ 
cians,  etc.,  etc.  There  were  about  600  day  scholars  in  both  1901 -2 
and  1902-3.  The  work  in  mechanical  and  architectural  drawing 
shown  me  was  excellent,  done  with  the  greatest  of  care,  well  let¬ 
tered  and  accompanied  by  full  explanations  in  round  writing. 

The  evening  classes  have  both  a  summer  and  winter  term ; 
the  former  having  an  attendance  of  about  250  and  the  latter  of 
about  410  scholars.  The  cost  is  but  4  marks,  or  $1  per  term. 
There  are  14  different  classes  open,  commencing  with  free  hand 
drawing,  and  including  mechanical  and  architectural  drawing 
adapted  to  various  trades.  Very  few  actual  studies  are  taken  up, 
but  the  instruction  in  drawing  includes  explanation  of  the  func¬ 
tions  of  the  parts  drawn,  their  strength,  weight,  cost,  etc. 

Visits  of  classes  were  made  to  many  different  works,  to  exam¬ 
ine  th^  machinery  and  process  in  operation. 

A  comparison  of  the  Dresden  and  Nuremberg  trade  schools 
shows  decided  differences  in  length  of  courses,  studies  taken  up, 
etc.,  and  further,  a  great  difference  in  the  proportion  of  day  and 
evening  scholars. 

In  Dresden  the  evening  scholars  outnumber  the  day  scholars, 
while  in  Nuremberg  the  reverse  is  true.  It  will  be  noted  that  the 
evening  courses  in  Nuremberg  are  principally  devoted  to  instruc¬ 
tion  in  drawing,  while  at  Dresden  various  studies  are  taken  up. 
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I  simply  call  your  attention  to  these  differences  that  you  may 
draw  your  own  conclusions  as  to  which  system  is  preferable — as 
the  province  of  this  paper  is  merely  to  record  what  I  observed. 
The  catalogues  give  most  complete  information  as  to  scope  and 
extent  of  each  study  taken  up  in  the  schools,  and  any  desirous  of 
studying  the  subject  in  detail  can  obtain  copies  upon  application 
to  the  Directors  of  the  schools. 

TI1E  CHEMNITZ  SCHOOLS. 

The  Roval  Trade  Schools  of  Chemnitz,  Saxon v,  offer  sev- 
*  •  ~ 

eral  courses,  and  are  maintained  by  the  government  of  Saxony 
and  from  tuition  fees.  The  lower  schools  offer  three  half-year 
courses  in  mechanical  work  and  electrical  work,  and  a  four  half- 
year  course  in  building  trades.  The  entrance  requirements  are 
very  similar  to  those  of  Dresden  and  Nuremberg — by  certificate 
from  lower  schools  or  examination.  The  building  trades  course 
sets  15  as  the  minimum  age,  and  the  mechanical  electrical  courses 
17  years.  The  former  requires  at  least  two  half  years  of  actual 
building  practice  and  the  latter  three  half  years’  practice.  All 
must  have  been  vaccinated.  Tuition  is  30  marks,  or  $7.50  per 
half  year. 

The  preliminary  examination  for  those  not  having  school  cer¬ 
tificates  includes  reading,  writing  and  German  composition,  arith¬ 
metic  through  decimals  and  percentage.  Written  evidence  of 
practice  at  actual  work  is  required  in  all  cases.  Accident  in¬ 
surance  can  be  obtained  from  the  Directors  for  from  ^  to  J  marks 
per  half  year.  Books,  drawing  papers,  etc.,  cost  from  30  to  50 
marks  ($7.50  to  $12.50)  per  half  year,  and  board  and  lodging  in 
Chemnitz  from  $100  to  $150  per  half  year.  Military  service  can 
be  deferred  until  completion  of  courses,  for  students  in  good  stand¬ 
ing.  Both  summer  and  winter  courses  are  held. 

The  mechanical  course  requires  40  hours  per  week,  and  is 
more  thorough  than  in  the  schools  of  Dresden  and  Nuremberg. 
For  the  first  year,  arithmetic  completed,  plane  and  spherical  geom¬ 
etry,  elementary  physics,  geometrical  and  projective  drawing,  free 
hand  drawing,  German  composition  and  literature.  Second  year, 
logarithims,  plane  and  spherical  trigonometry,  elementary  me¬ 
chanics,  physics,  machine  construction,  mechanical  drawing,  free 
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hand  drawing,  German  literature,  and  history,  surveying.  Third 
year,  mechanics,  including  equilibrium,  laws  of  motion,  hydraul¬ 
ics,  gaseous  bodies,  and  strength  of  materials,  machine  design,  me¬ 
chanical  drawing,  free  hand  drawing,  and  modeling  in  plaster  and 
wax,  German  literature  and  history,  factory  accounts,  time  and 
cost  keeping,  building  construction,  surveying,  with  field  practice 
in  leveling,  plotting-,  earthwork  calculations,  and  hydraulic  work. 
Here,  as  in  the  other  schools,  one  half  year  is  devoted  to  studies 
and  the  other  to  practical  work  learning  their  trades. 

During  the  half  years  lectures  and  instruction  are  given  two 
to  four  hours  weekly  in  the  details  of  the  following  arts :  Elec¬ 
tric  appliance  manufacturing,  electrical  manipulation,  telephony 
and  telegraphy,  water  power  plants,  machine  tool  construction, 
brewery  work,  paper  making,  fire  extinguishing,  spinning,  weav¬ 
ing  and  woolen  and  felt  goods  manufacturing.  The  students  have 
option  as  to  which  course  of  lectures  they  will  attend. 

The  electrical  course  is,  in  general,  similar  to  the  mechanical 
course  described  for  the  first  three  half  years,  but  an  additional 
half  year  is  required,  embracing  detailed  study  of  telegraphy  and 
telephony,  electric  measurements,  and  the  design  and  manage¬ 
ment  of  electric  power  and  lighting  plants,  laboratory  work  in 
construction,  testing,  etc.,  of  electrical  machinery,  actual  practice 
in  running  electric  plants,  wiring  and  installation  of  motors, 
switchboards,  etc.,  etc. 

The  same  optional  lectures  are  open,  as  already  described, 
for  the  mechanical  courses.  It  will  be  easily  seen  that  those  com¬ 
pleting  these  courses,  and  the  outside  actual  practice  required,  are 
certainly  prepared  to  become  very  high  class  skilled  workmen, 
if  not  foremen  and  superintendents,  and  yet  there  is  a  still  higher 
school  in  Chemnitz  for  the  special  purpose  of  educating  men  to 
hold  such  positions.  The  courses  offered  are  on  a  par  with  some 
of  our  high  grade  technical  colleges,  and  yet  they  only  give  the 
degree  of  master  workmen.  For  the  degree  of  engineers  one 
must  attend  still  higher  technical  colleges  at  Dresden,  Berlin,  Frei¬ 
burg,  etc.,  but  this  paper  will  not  discuss  this  latter  class. 

Returning  to  the  Chemnitz  lower  schools,  we  find  the  build¬ 
ing  trades  schools,  already  mentioned.  The  admission  require¬ 
ments  are  the  same  as  for  the  mechanical  and  electrical  courses, 
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except  as  to  age  and  character  of  previous  trade  training.  1  he 
five  half  years  work  is  quite  comprehensive  in  its  scope,  as  may 
be  seen  in  the  outline  I  now  give:  First  year,  general  building 
construction,  and  purposes  of  buildings,  such  as  residences,  farm 
buildings,  churches,  theaters,  mills,  factories,  public  buildings, 
etc.,  elementary  architectural  drawing,  free  hand  drawing  from 
copies  and  models,  arithmetic,  geometry,  projective  drawing, 
physics,  German  language.  Second  half  year,  building  construc¬ 
tion  continued,  stone  work  and  brick  work,  wood  construction, 
building  laws,  architectural  drawing,  sketching  plans  and  details 
for  buildings,  free  hand  drawing,  perspective,  physics,  and  Ger¬ 
man  language,  including  business  correspondence  and  specifica¬ 
tions.  Third  half  year,  building  materials,  chemistry,  stone  and 
wood  construction,  designing  and  architectural  drafting,  heating 
and  ventilation,  free  hand  drawing,  trigonometry,  strength  of  ma¬ 
terials,  grapho-statics,  surveying,  building  laws,  German  litera¬ 
ture.  Fourth  half  year,  construction  details,  estimating  quanti¬ 
ties  of  material  and  labor,  designing  .and  drafting,  free  hand 
drawing,  perspective,  elementary  mechanics,  use  of  hand  and  text 
books,  fire  extinguishing  and  fire  proofing.  The  half  yearly  prac¬ 
tice  in  some  practical  department  of  building  work  must  accom¬ 
pany  each  half  year  of  study.  Again,  we  wonder  at  the  complete¬ 
ness  of  the  course  offered  in  this  under  school,  and  understand 
better  why  our  best  workman  in  the  finer  building  trades  are 
so  largelv  Germans. 

o  . 

THE  ROYAL  INDUSTRIAL  ACADEMY  OF  CHEMNITZ. 

These  schools  are  for  the  education  of  young  men  who  de¬ 
sire  to  become  manufacturers,  managers,  superintendents  or  de¬ 
signers  in  works.  Courses  are  offered  in  mechanical  arts,  chem¬ 
ical  arts,  building  construction  and  electrical  work.  The  first 
three  courses  require  seven  half-year  terms  and  the  latter  eight 
half-year  terms.  Each  course  requires  from  one  to  two  years  pre¬ 
vious  practical  work,  and  certificates  from  the  gymnasium  courses, 
or  passing  an  examination  in  German  grammar  and  composition, 
algebra  to  quadratics,  French  grammar  and  translation.  Those 
fulfilling  the  courses  will  be  admitted  to  the  engineering  schools 
of  Dresden,  Berlin,  Darmstadt,  Freiberg,  etc.  The  tuition  is  80 
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marks  ($20)  per  half  year  for  Saxons,  150  marks  ($37.50)  for 
other  Germans,  and  250  marks  ($62.50)  for  foreigners.  Board 
and  lodging  from  600  to  800  marks  ($150  to  $200)  per  half  year, 
in  private  houses. 

Not  to  burden  you  with  too  much  detail,  I  will  only  give  the 
course  of  study  for  the  mechanical  arts  course,  the  others  being 
very  similar,  with  changes  in  the  specialties  of  each  course. 

Mechanical  Course — German  language,  history  and  literature, 
free  hand  drawing,  sketching,  oil  and  water  colors  from  nature 
and  life,  building  construction  and  drawing,  business  methods, 
bookkeeping,  banking,  etc.,  geometry,  trigonometry,  algebra, 
sterotomy,  descriptive  and  analytical  geometry,  differential  and 
integral  calculus,  geometrical  and  projective  drawing,  theory  and 
practice  of  surveying,  physics  complete;  chemistry,  organic  and 
inorganic,  including  study  of  fuels,  lubricants,  illuminants,  etc. ; 
technical  lectures  in  machine  practice,  boilers,  furnaces,  steam  and 
gas  engines,  pumps,  air  compressors,  belts,  gearing,  etc.,  etc. ; 
theoretical  and  applied  mechanics,  machine  design,  with  drawing 
and  calculation ;  mechanical  technology,  including  strength  of  ma¬ 
terials,  tests,  forging,  founding,  rolled  material,  study  of  woolen, 
cotton  and  silk  machinery,  grapho-statics,  bridges,  roofs,  mill 
buildings,  etc.,  standard  machine  and  engine  details,  machine  de¬ 
sign,  with  calculations  as  to  strength,  action,  weight,  cost,  etc.,  etc., 
of  machinery,  electrical  generators,  motors  and  lighting  plants, 
etc.  Optional  choice  is  given  of  lectures  on  on  French,  English, 
mercantile  accounting  and  business  methods,  aid  to  the  injured, 
hydraulic  power  plants,  tool  construction  for  iron  and  wood  work 
machinery,  paper  making,  electrical  work,  spinning,  weaving, 
dyeing,  bleaching,  etc.  The  average  attendance  required  is  34 
hours  per  week. 

The  electrical  course  contains  an  extra  half  year,  almost  en¬ 
tirely  devoted  to  laboratory  work  and  to  the  management  and 
manufacture  of  electrical  apparatus.  The  attendance  is  large,  and 
students  come  from  all  over  Germany  and  Europe.  The  gradu¬ 
ates,  as  a  rule,  occupy  important  managerial  positions  in  the  manu¬ 
factories  of  Germany,  and  the  school  has  an  international  reputa- 
iton.  As  I  said  before,  the  education  approaches  closely  to  that 
of  a  full-fledged  engineer,  yet  that  degree  is  not  given. 
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Enough  lias  been  described  to  show  how  very  thorough  are 
the  courses  open  to  German  youth,  and  to  explain  why  their  crafts¬ 
men,  backed  by  shrewd  financial  and  commercial  management, 
have  made  the  phrase,  “Made  in  Germany,”  known  throughout 
the  entire  world.  Their  system  has  been  a  gradual  growth,  and 
certainly  seems  admirably  suited  to  Tie  needs  of  the  people,  and 
well  worthy  of  our  careful  study. 

SCHOOLS  FOR  INSTRUCTION  IN  ARTISTIC  TRADES. 

I  will  now  pass  to  the  schools  for  instruction  in  the  artistic 
trades.  The  prominence  of  French  and  German  decorative  work 
is  mainly  due  to  the  excellence  of  design  and  of  workmanship. 
That  these  qualities  are  due  partially  to  inherited  artistic  ability 
and,  to  the  potent  influence  of  artistic  surroundings,  must  be  ad¬ 
mitted,  vet  to  design  and  execute  artistic  work  requires  thorough 
training,  and  the  Germans  have  recognized  this  want  by  the  estab¬ 
lishment  of  Kunst-gewerben-schulen,  or  Industrial  Art  Schools. 
They  are  to  be  found  in  nearly  all  of  the  large  German  cities,  and 
the  courses  are  modified  to  suit  the  manufacturing  products  of  the 
respective  neighborhoods. 

I  was  enabled  to  examine  in  detail  the  schools  of  Dresden 
and  Nuremberg.  The  Kunst-gewerben-schule  of  Nuremberg  is 
housed  in  a  large  and  beautiful  building,  outside  of  the  city  walls, 
but  surrounded  bv  lithographic,  furniture,  and  other  works. 
There  are  fine  class  rooms,  drafting  and  modeling  rooms,  lecture 
hall,  library  and  other  rooms.  There  is  a  small  but  good  collec¬ 
tion  of  plaster  models  illustrating  the  various  styles  of  plastic 
ornaments. 

In  Nuremberg,  and  open  to  the  students,  is  a  fine,  large 
Gewerbs-Museum,  or  Industrial  and  Decorative  Arts  exhibit,  con- 
taiivng  both  antique  and  modern  samples  of  furniture,  tapestry 
and  textile  goods,  metal  and  glass  work,  china,  wood  and  stone  * 
carvings,  book  bindings,  reproductive  arts,  wall  papers,  bronzes, 
goldsmiths  and  lapidaries  work,  etc.,  etc.,  admirably  arranged  for 
comprehensive  study  of  style  and  design.  The  Museum  building 
is  itself  an  exhibit  of  what  such  an  institution  should  be. 

There  are  four  courses  offered  in  the  school — a  primary  one 
year  course  in  free  hand  drawing,  modeling,  study  of  ornaments 
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and  architectural  style,  geometry,  etc.,  for  workmen  in  artistic 
trades.  Three  courses  of  three  years  each  are  provided  for  those 
expecting  to  become  master  art  workmen.  First,  the  architectur¬ 
al  school,  embracing  knowledge  and  use  of  architectural  forms 
and  styles,  but  not  including  structural  and  engineering  features. 
It  includes  free  hand  drawing,  architectural  drawing,  study  of 
orders  of  architecture,  styles  of  decoration  and  ornament,  shades, 
shadows,  and  perspective,  modeling,  ornamental  detail  drawing, 
sketching  from  model,  nature  and  life,  color  schemes,  history  of 
ornament,  and  library  study  of  architectural  books.  Second,  a 
school  of  decoration,  much  similar  to  the  course  described,  but 
with  especial  attention  to  outline  and  color  designs  for  wall  pa¬ 
pers,  carpets,  rugs,  etc.,  and  for  lithographic  and  engraving  work. 
Third,  a  school  of  modeling,  embracing  much  of  the  same  gen¬ 
eral  course,  with  special  attention  to  modeling  for  architectural 
work,  furniture,  ornaments,  etc. 

There  is  still  another  course,  embracing  a  general  knowledge 
of  ornament,  architecture,  and  especially  of  drawing  and  paint¬ 
ing  for  the  education  of  teachers  of  drawing.  The  courses  com¬ 
prise  a  great  deal  of  actual  work  by  the  student  from  still  life 
groups,  models  and  life,  under  the  guidance  of  the  professors,  of 
whom  there  are  quite  a  number.  The  students  are  obliged  to 
work  about  seven  hours  per  day,  but  often  do  more,  when  day¬ 
light  permits,  so  necessarily  each  student's  progress  is  individual. 
Annual  exhibits  of  students’  work,  largely  attended  by  the  pub¬ 
lic,  are  held,  and  prizes  and  honors  awarded  to  those  excelling 
in  the  different  lines  of  work. 

There  are  also  evening  courses  for  workmen  in  the  art  trades, 
such  as  lithographers,  color  printers,  furniture  makers  and  carv¬ 
ers,  stone  and  wood  carvers,  engravers,  book  binders,  china  paint¬ 
ers,  etc.  Free  hand  drawing,  perspective,  ornament,  geometry, 
etc.,  are  included  in  the  course,  with  lectures  on  applied  art.  In 
1903  the  evening  class  numbered  about  90,  while  the  day  classes 
were  quite  small,  only  from  six  to  10  in  each  school. 

Nuremberg  is  rich  in  museums  of  industrial  work,  for  in  ad¬ 
dition  to  the  Gewerb-Museum,  already  described,  there  is  the 
famous  Germanic  Museum,  containing  one  of  the  finest  collec¬ 
tions  of  antique,  mediaeval  architectural  and  domestic  works  of  art, 
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in  the  world.  There  is  also  a  Mechanical  Museum,  with  working 
exhibits  of  machinery  of  all  kinds,  gas  and  steam  engines,  etc., 
etc.  The  Railway  Museum,  occupying  a  city  square,  is  most  com¬ 
plete  Every  phase  of  railway  work  is  in  evidence,  exhibited  by 
real  objects,  photographs,  models,  charts,  etc.  I  spent  an  entire 
day  examining  the  railway  carriages,  locomotives,  switch  and  sig¬ 
nal  systems,  models  of  bridges,  culverts,  trestles,  telegraph  and 
telephone  systems,  etc.,  and  then  did  not  see  half  that  I  would 
have  liked  to  see. 

With  all  these  advantages,  it  was  surprising  to  see  the  Art 
Industrial  School  with  so  few  students.  Perhaps  the  reason  is 
that  Nuremberg  is  essentially  a  manufacturing  city,  and  the  young 
men  prefer  the  trade  schools  and  actual  work,  to  the  larger  courses 
in  the  art  school,  requiring  the  devotion  of  three  years  without 
being  able  to  earn  anything.  The  students  averaged  from  17  to 
20  years  of  age.  The  school  is  maintained  by  the  city,  and  cer¬ 
tain  funds  are  used  to  pay  tuition  fees  of  poor  students. 

THE  DRESDEN  ART  INDUSTRIAL  SCHOOL. 

This  school  is  housed  in  an  old  building  in  the  heart  of  the 
city,  and  contains  also  the  Gewerbs-Museum.  It  has  been  estab¬ 
lished  over  25  years,  and  a  handsome  new  building  is  now  being 
erected  in  the  newer  part  of  the  city,  with  adequate  accommoda¬ 
tions  for  the  growing  needs  of  the  school.  The  courses  are  some¬ 
what  similar  to  those  in  Nuremberg,  but  are  a  little  wider  in 
scope.  Both  day  and  evening  classes  exist,  the  latter  having 
much  shorter  and  more  elementary  courses.  For  dav  classes  there 
are  10  courses  offered :  1,  Architectural  work;  2,  Ornamental 

modeling;  3,  figure  and  art  modeling;  4,  ornamental  metal  work; 
5,  frescoe  painting  and  decorating ;  6,  tapestry  and  woven  stuff 
designing;  7,  porcelain  painting,  lithographing  and  color  print¬ 
ing  ;  8,  general  industrial  art  designing ;  9,  scene  painting  and 
figurative  allegorical  painting ;  10,  class  in  architectural  carving 
and  modeling. 

These  courses  occupy  four  semesters  or  half  years,  the  stu¬ 
dents  averaging  about  21  years  of  age.  The  cost  of  tuition  is  30 
marks  per  semester  for  residents  of  Saxony  and  95  for  non¬ 
residents.  Some  106  students  were  enrolled  in  the  various  courses 
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in  1902  and  1903.  The  average  time  per  day  is  about  six  hours, 
but  many  students  work  even  more.  All  students,  in  addition  to 
the  special  work  in  their  selected  departments,  attend  lectures  on 
the  history  of  decorative  arts,  and  the  different  styles  and  epochs, 
on  anatomy  of  men  and  animals,  and  especially  illustrated  lectures 
by  pictures  and  examples  of  the  styles  of  ornament. 

The  museum  of  industrial  art  in  connection  with  the  school 
occupies  the  entire  first  floor,  and  while  not  so  large  as  in  Nurem¬ 
berg,  is  most  admirably  selected  and  arranged,  and  embraces  all 
kinds  of  work,  being  especially  rich  in  ceramics  and  woven  ma¬ 
terials,  as  suited  to  the  needs  of  Dresden.  The  students  make 
great  use  of  this  museum,  not  only  having  articles  in  the  studios 
upstairs,  as  models,  but  also  directly  in  the  museum,  where  in 
every  corner  may  be  seen  students  hard  at  work  studying  some 
bit  of  rare  china,  oriental  rug  or  charming  mediaeval  carving. 
The  work  of  the  students  is  wonderfully  good  and  interesting,  and 
the  enthusiasm  shown  is  unusual.  The  collection  is  not  only  of 
great  interest  to  the  industrial  art  student,  but  as  well  to  the  anti¬ 
quarian  and  historical  student. 

In  Dresden  are  other  museums  of  world  wide  renown,  no¬ 
tably  the  famous  Dresden  Picture  Gallery,  containing  many  of  the 
world’s  masterpieces ;  the  china  museum,  showing  clay  and  porce¬ 
lain  wares  of  all  ages  and  styles,  and  particularly  rich  in  Dresden 
china.  The  museum  of  arms  and  weapons,  rich  in  old  ‘tilting 
armor  for  horse  and  man,  and  the  famous  green  vaults,  or  mu¬ 
seum  of  jewelry  work  and  small  bric-a-brac  of  every  description, 
most  of  it  having  been  presented  to  various  kings  of  Saxony  dur¬ 
ing  the  last  400  years. 

The  combination  makes  Dresden  rank  with  Berlin,  Paris  and 
Munich  as  an  art  center  for  both  high  and  industrial  art. 

The  evening  classes  are  very  well  attended  by  youths  of  an 
average  of  20  years  old  engaged  in  all  kinds  of  industrial  art 
trades.  The  courses  offered  embrace  architectural  drawing, 
modeling,  ornamental  designing,  drawing  and  painting  from  still 
life  and  living  models.  Some  250  took  the  evening  courses  in 
1900  and  1901. 

It  is  noteworthy  that  in  these  Kunst-Gewerben-schulen  the 
students  have  little  book  studying,  the  work  being  nearly  all  actual 
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practice  in  drawing,  modeling,  painting,  carving  and  designing. 
It  is  supposed  that  the  regular  common  school  education  has  been 
attained  by  students.  Many  of  them  have  attended  the  trade 
schools  as  well,  before  entering  the  art  industrial  schools. 

I  have  not  attempted  to  do  more  than  give  a  general  outline 
of  the  schools  as  I  found  them,  and  regret  that  I  was  unable  to 
visit  the  Berlin  Gewerb-schulen,  as  I  understand  they  have  most 
complete  work  shops  attached,  that  would  have  been  extremely 
interesting.  But  I  trust  that  I  have  given  you  some  idea  of  what 
our  German  competitors  for  the  world’s  markets  are  doing,  and 
of  how  necessary  for  our  future  welfare  in  the  industrial  world 
such  schools  are. 

Owing  to  the  munificence  of  Mr.  Andrew  Carnegie,  one  of 
the  most  far-sighted  men  of  the  world,  we  are  soon  to  have  a 
Gewerb-schule  here  in  Pittsburg,  which  I  trust  will  be  the  equal, 
if  not  the  superior,  of  any  similar  school  elsewhere. 

I  thank  you  all  most  heartily  for  the  great  honor  you  con¬ 
ferred  upon  me  in  choosing  me  for  your  presiding  officer  during 
the  year  just  past. 

Chester  B.  Albree. 

Algiers,  December  20th,  1903. 

By  Mr.  Swensson — I  deem  it  the  next  thing  before  us  is  to 
offer  a  resolution  for  a  vote  of  thanks  to  the  officers  of  the  So¬ 
ciety  who  served  last  year,  including  especially  Mr.  Albree’s 
paper,  which  was  indeed  very  interesting,  and  which  he  went  to 
the  trouble  to  prepare  when  traveling  for  his  health,  and  that  a 
copy  of  the  resolution  to  be  transmitted  to  Mr.  Albree? 

Motion  seconded  and  carried. 

By  Mr.  Camp — I  will  announce  the  regular  committees,  so 
the  active  work  of  the  Society  can  start  at  once.  They  are  as 
•  follows : 

Program  Committee — J.  K.  Lvons,  Chairman;  S.  M.  Kint- 
ner,  Willis  Whited,  F.  I.  Ellis. 

Reception  Committee — Geo.  T.  Barnsley,  Chairman  ;  Thos. 
H.  Johnson,  Morris  Knowles,  David  M.  Howe,  Clifford  B.  Con¬ 
nelly,  Capt.  W.  L.  Sibert.  • 


26 


ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


Library  Committee — S.  M.  Kintner,  Chairman;  H.  W.  Cra¬ 
ver,  N.  W.  Storcr,  Chas.  Worthington. 

House  Committee — F.  C.  Schatz,  Chairman ;  S.  Diescher, 
Daniel  Ashworth. 

Before  we  adjourn,  I  would  like  to  call  the  Society's  attention 
to  that  red  line  on  the  diagram  showing  the  Society’s  growth  and 
say  the  reason  that  is  a  tangent  line  is  due  to  your  own  efforts, 
and  I  would  like  to  have  that  line  still  continued  up  at  that  same 
angle.  There  are  many  more  desirable  men  to  be  added  to  our 
Society,  and  I  wish  the  good  work  to  continue  in  the  coming 
year  as  in  the  past.  We  almost  doubled  in  the  last  year.  We 
can  hardly  hope  to  double  again,  but  we  can  make  the  same  nu¬ 
merical  increase.  Is  there  any  other  business  before  the  Society 
before  we  adjourn  ? 

By  Mr.  Swensson — I  move  we  adjourn. 

Motion  seconded  and  carried. 

CHEMICAL  SECTION. 

Pittsburgh,  Pa.,  Jan.  21st,  1904.  . 

The  twelfth  annual  meeting  of  the  Chemical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  this  even¬ 
ing  at  their  rooms,  410  Penn  Avenue.  Mr.  H.  W.  Craver,  Chair¬ 
man,  presided. 

Minutes  of  the  eleventh  annual  meeting  were  read  and  ap¬ 
proved 

Address  by  the  retiring  Chairman,  Mr.  H.  W.  Craver,  on 
“The  Constitution  of  Matter.” 

THE  CONSTITUTION  OF  MATTER. 

BY  HARRISON  W.  CRAVER. 

A  fascinating  subject  for  speculation,  ever  present  to  the 
philosopher  and  student  of  nature,  is  that  of  the  constitution 
of  matter.  One  of  the  earliest  questions  asked,  the  answer 
has  never  been  found,  and  to-day  we  can  but  speculate  as  to 
what  is  the  ultimate  composition  of  the  material  world  about 
us. 
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Although  the  question  is  unsolved,  or,  rather,  although 
our  hypotheses  are  unproven,  we  have  made  notable  advances 
in  recent  times  in  our  knowledge  of  this  problem.  These  ad¬ 
vances  have  been  made  chiefly  by  the  study  of  the  phenomena 
occurring  when  electric  discharges  take  place  through  rarefied 
gases,  and  those  shown  by  radio-active  bodies.  In  this  paper 
I  have  attempted  a  brief  survey  of  the  more  important  results 
of  this  study,  especially  as  they  relate  to  this  question  of  the 
constitution  of  matter;  a  question  of  peculiar  interest  to  us  as 
chemists. 

Ever  since  the  beginning  of  philosophic  inquiry  concern¬ 
ing  natural  phenomena  there  has  been  speculation  on  this 
question.  If  we  divide  and  re-divide  a  substance  we  must,  it 
seems,  arrive  at  a  final  state  of  subdivision  beyond  which  ef- 
forts  will  be  unavailing.  The  ancient  philosophers  who 
studied  this  question  decided  that  matter  consisted  of  minute 
corpuscles  or  atoms  of  fixed  properties;  the  combination  of 
these  gave  all  the  infinite  variety  of  substances  which  we 
know.  This  was  only  speculation,  however;  it  led  to  no  ex¬ 
periments,  and  for  centuries  had  but  little  or  no  effect  on 
science. 

This  idea  that  matter  was  atomic  in  structure  finally  took" 
*  definite  and  satisfactory  shape  as  enunciated  by  Dalton  in 
1803.  His  hypothesis  was  tested  by  all  means  then  known,  it 
answered  all  conditions,  and  the  "atomic  theory”  was  adopted 
as  a  definite  basis  for  chemical  work. 

There  seems  always  to  have  been  in  circulation  an  idea 
that  in  the  last  analysis  all  substances  would  be  found  to  be 
merely  forms  of  one  base.  This  idea  has  sometimes  been  the 
ruling  hypothesis  among  the  thinkers  of  the  day,  at  others  it 
has  been  discredited  by  the  leaders.  In  the  time  of  the  al¬ 
chemists  it  formed  the  basis  of  their  hopes,  for  if  all  metals 
are  at  bottom  one  substance,  is  not  their  transmutation  a  pos¬ 
sibility?  So  the  alchemist  toiled  through  years  to  find  the 
secret  which  would  give  him  gold,  only  to  meet  with  disap¬ 
pointment  at  the  end.  Finally  chemical  endeavor  turned  to 
more  profitable  fields  and  left  at  rest  this  fascinating,  but  diffi¬ 
cult,  problem. 
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Dalton  published  his  hypothesis,  and  gave  a  working 
basis,  yet  the  question  of  the  constitution  of  matter  remained. 
It  was  all  very  well  to  say  that  matter  is  composed  of  atoms, 
but  if  we  do  not  know  the  composition  of  an  atom  we  have 
only  gone  forward  one  step  toward  our  goal.  Are  the  atoms 
of  various  elements  seperate  and  distinct,  or  may  they  not  be 
forms  of  still  more  minute  and  elementary  substances?  What 
is  their  form  ? 

Such  questions  began  to  be  asked  soon  after  the  atomic 
theory  was  brought  forward.  Prout  studied  the  early  atomic 
weights,  noticed  that  nearly  all  aproached  closely  to  whole 
numbers,  and  suggested  that  if  they  were  correctly  determined 
all  would  be  found  exact  multiples  of  the  atomic  weight  of  hy¬ 
drogen,  and  that  hydrogen  might  ultimately  be  found  to  be 
their  basis. 

This  suggestion  provoked  much  discussion  in  the  chemi¬ 
cal  world  of  the  day.  Finally,  chiefly  through  the  labors  of 
stars,  it  was  shown  that  in  many  cases  the  differences  from 
whole  numbers  could  scarcely  be  due  to  experimental  errors, 
and  the  idea  of  finding  in  hydrogen  the  base  of  all  things  was 
abandoned.  It  has  not  been  entirely  forgotten,  however,  and 
has  come  up  from  time  to  time  with  different  units — one-half, 
one-fourth,  one-ten  thousandth  of  the  hydrogen  atom. 

Later  the  periodic  system  of  Mendeleeff  and  Lothar 
Meyer  showed  strange  relationships  between  the  elements 
which  suggested  that  they  were  forms  of  a  common  base. 

The  atomic  theory  has  proved  a  firm  foundation  for  chem¬ 
ical  work,  it  has  allowed  a  plausible  explanation  of  observa¬ 
tions,  and  thus  a  tendency  arises  to  treat  the  Daltonian  atom 
as  the  limit  of  divisibility,  and  to  forget  that  no  direct  proof 
of  indivisibility  has  geen  found.  We  only  know  that  these 
atoms  act  as  though  unchangeable  through  all  chemical  ma¬ 
nipulation. 

While  the  atom  ratifies  the  needs  of  the  chemist,  the 
physicist  has  not  found  it  sufficient,  but  has  gone  on  speculat¬ 
ing  and  experimenting  as  to  the  nature  of  matter,  and  various 
hypotheses  have  been  advanced  as  new  facts  which  required 
explanation  were  learned. 
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Duriiiir  recent  years  much  attention  has  been  directed  to 
electrical  phenomena,  among  others  to  those  appearing  when 
currents  are  passed  between  electrodes  in  tubes  containing 
rarefied  srases.  Under  such  conditions  a  radiation  occurs 
known  as  “cathode  rays.”  In  seeking  an  explanation  of  these 
rays  it  was  suggested  that  they  were  composed  of  unremoved 
atoms  of  the  original  gas  which  were  rapidly  projected  from 
the  negative  pole  in  the  form  of  ions. 

W  hen,  however,  in  the  course  of  his  work  upon  these 
cathode  rays,  measurements  were  made  by  Professor  J.  J. 
Thomson  which  gave  an  indirect  determination  of  the  size  of 
these  particles,  it  was  found  that  their  mass  was  only  about 
one-thousandth  that  of  the  hydrogen  atom.  His  experiments 
proved  that  in  these  rays  the  atoms  are  actually  broken  up ; 
that  the  cathode  rays  are  composed  of  their  fragments :  that 
no  matter  what  the  gas  originally  present  these  fragments  are 
of  identical  composition  and  that  their  mass  is  always  approx¬ 
imately  one-thousandth  that  of  the  hydrogen  atom. 

Thus  at  last  the  atom  was  decomposed ;  a  partial  verifica¬ 
tion  of  Prout’s  hypothesis,  for  it  seemed  that  all  elements  were 
compounds  of  one  basis,  even  if  this  were  a  much  smaller 
body  than  the  hydrogen  atom.  The  knowledge  of  the  consti¬ 
tution  of  matter  had  moved  on  to  another  resting-place. 

The  question.  W  hat  is  matter?  is  still  unsolved,  for  the 
particles  which  make  up  the  atom  are  the  limit  of  direct  know- 
ledge,  and  we  can  only  speculate  as  to  their  composition.  1  he 
leading  hypothesis  is  that  the  particles  are  electrically  charged 
bodies  consisting  of  a  unit  charge  of  electricity  and  a  nucleus 
of  unknown  composition.  The  nucleus  of  this  “corpuscle” 
may  possibly,  it  is  recognized,  be  zero,  and  in  fact  Sir  Oliver 
Lodge  and  other  eminent  physicists  think  that  it  probably  is 
zero,  and  that  the  particles  are  but  unit  charges  of  electricity 
existing  in  a  free  state.  To  such  an  atom  of  electricity  the 
name  “electron”  is  given,  in  distinction  to  the  name  “cor¬ 
puscle”  used  by  those  who  wish  to  include  the  possibility  of  a 
material  nucleus. 

Xow  it  has  been  found  possible  to  detach  an  electron  or 
corpuscle  from  an  atom  of  matter  or  chemical  atom,  and  this 
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electron  possesses,  in  kind  at  least,  the  fundamental  properties 
of  the  atom.  This  being  true,  it  seems  possible  and  not  un¬ 
reasonable  to  believe  that  electrons  are  the  only  constituent 
of  the  atom.  According  to  this  hypothesis  an  atom  is  simply 
a  combination  of  electrons,  the  number  varying  for  different 
substances,  interlocked  and  in  perpetual,  violent  motion,  held 
together  by  electrical  influences  and  centrifugal  inertia  so  that 
they  have  a  stable  form.  If  the  atom  consists  of  equal  num¬ 
bers  of  positive  and  negative  electrons  it  will  be  electrically 
neutral ;  if  of  unequal  numbers,  it  will  be  electrically  charged. 

These  electrons  are  extremely  small ;  microscopic  even  in 
comparison  with  atoms.  Compared  to  the  hydrogen  atom 
their  sizes  is  as  one  to  one-thousancl,  or  about  that  of  an  inch 
sphere  to  one  a  mile  and  a  half  in  diameter. 

If  the  view  that  all  matter  is  but  combinations  of  electrons 
is  correct,  we  have  at  last  found  a  grain  of  truth  in  the  old 
idea  of  the  transmutation  of  metals,  even  if  we  are  as  far  as 
ever  from  its  actual  realization.  It  may  still  be  an  improba¬ 
bility,  but  no  longer  an  impossibility. 

In  the  last  few  years  much  attention  has  been  directed  to 
a  newly  discovered  property  of  some  substances,  that  of  spon¬ 
taneous  radio-activity.  This  phenomenon  was  first  discovered 
by  Becquerel  as  a  property  of  uranium  and  thorium,  but  it  is 
not  confined  to  them  and  is  present  in  other  substances,  pre¬ 
eminent  among  which  is  the  newly  discovered  element  radium. 

Radium  is  found  to  possess  emanations  of  three  distinct 
kinds.  One  of  these  is  similar  to  the  Roentgen  rays ;  that  is, 
it  consists  of  ether  waves.  Later  another  form  was  discover¬ 
ed,  and  this  apparently  consists  in  a  spontaneous  throwing- 
off  of  electrons  just  as  they  are  shot  out  from  the  negative 
electrode  in  a  vacuum  tube.  In  addition  to  these  already 
known  forms  of  radiation,  a  third  was  recently  added  to  our 
knowledge  by  the  researches  of  Professor  Rutherford  of 
McGill  University.  This  third  form  consists  of  atoms,  actual 
atoms  which  have  not  the  penetrative  power  of  electrons,  and 
which  can  be  stopped  by  thin  sheets  of  metal  through  which 
electrons  pass  with  ease.  These  atoms  are  given  off  with 
high  velocities;  they  do  not  seem  to  diminish  in  number  or 
power. 
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At  first  though  the  fact  that  atoms  are  given  off  by  sub¬ 
stances  does  not  seem  so  great  a  wonder.  \\  e  know  that 
many  substances  give  oft  scents  for  long  periods  without  per¬ 
ceptible  diminution,  and  it  might  seem  that  this  radio-activity 
was  simply  a  sort  of  volatilization.  The  marvel  appeared 
when  in  the  course  of  Professor  Rutherford  s  work  the  atomic 
weight  of  these  atoms  was  determined  and  found  to  be  of  the 

o 

order  of  that  of  hydrogen.  In  other  words,  from  elements 
having  atomic  weights  over  two  hundred  are  given  off  atoms 
whose  atomic  weight  is  only  one  or  two. 

The  best  explanation  at  present  of  this  seems  to  be  that 
these  atoms  of  high  atomic  weight  may  under  certain  con¬ 
ditions  break  down  and  throw  off  fragments  whose  atomic 
weight  will  be  low'er. 

The  substance  which  remains  is  not,  of  course,  the  origin¬ 
al  atom,  but  a  new  substance  :  of  this  little  is  known  at  present. 
It  can  be  obtained  as  a  heavy  gas,  and  is  believed  to  again 
throwr  off  atoms :  in  fact,  several  sub-compounds  of  the  radio¬ 
active  bodies  are  suspected.  Each  of  these  is  less  active  than 
its  predecessor. 

Some  experiments  by  Sir  William  Ramsay  and  Air.  Soddy 
have  showm  that  one  of  the  products  of  this  emanation  is 
helium,  and  that  helium  is  constantly  produced  from  radium. 
If  this  be  true  wre  have  at  last  found  an  example  of  the  long- 
sought  transformation  of  one  element  into  another. 

Looking  at  these  results  from  another  point  we  are  im¬ 
pressed  that  here  we  have  a  dissociation  of  matter  and  meet 
the  elements  in  a  process  of  decay.  Whether  there  are  limits 
to  this  process,  whether  there  is  a  counterbalancing  synthetic 
action  at  w^ork  or  not,  wre  do  not  know.  The  process  is  ex¬ 
tremely  slow,  yet  it  is  possibly  ever  acting,  and  the  end  of  all 
matter  may  be  to  become  merely  a  cloud  of  sw'iftly  moving 
electrons. 

Such  are  in  brief  the  results  of  the  recent  advances  in 
our  knowdedge.  In  spite  of  them  the  original  question  re¬ 
mains,  for  the  chemical  atom  has  only  been  replaced  by  an 
electrical  one.  What  an  electron  is  we  do  not  know.  The 
generally  accepted  view  is  that  it  is  a  condition  of  strain  in 
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the  ether,  which  means  that  ether  is  the  basis  of  all  matter. 
This  would  leave  but  one  unknown  link  in  the  chain,  the 
ether. 

Secretary  read  the  names  of  nominees  for  officers  for  1904, 
as  follows:  Chairman,  Mr.  H.  E.  Walters;  Vice  Chairman,  Mr. 
H.  W.  Craver ;  Secretary  Mr.  Geo.  P.  Maury;  Directors,  Mr. 
Geo.  Loeffler  and  Mr.  Chas.  Rich. 

O11  motion  the  Secretary  was  instructed  to  cast  the  unani¬ 
mous  ballot  of  the  Section  declaring  the  officers  elected.  After 
new  officers  had  been  escorted  to  the  front,  meeting,  upon  motion, 
adjourned.  Chas.  Rich,  Secretary  C.  S. 

STRUCTURAL  SECTION. 

The  annual  meeting  of  the  Structural  Section  of  the  Engin¬ 
eers'  Society  of  Western  Pennsylvania  was  held  at  the  Society’s 
room,  410  Penn  Avenue,  Pittsburg,  Tuesday,  January  26,  1904. 

Section  called  to  order  by  the  Chairman,  Mr.  J.  K.  Lyons, 
at  8  :35  p.  m.,  16  members  and  visitors  being  present.  The  re¬ 
tiring  Chairman,  Mr.  J.  K.  Lyons,  made  some  remarks,  narrating 
the  origin  and  growth  of  the  Section. 

The  Committee  on  Nominations  appointed  at  the  last  regular 
meeting,  Messrs.  Samuel  Diescher,  Charles  Worthington  and 
George  T.  Barnsley,  reported  the  following  nominations :  Frans 
Engstrom,  Chairman ;  E.  K.  Morse,  Wee-Chairman :  Willis 
Whited,  Secretary ;  Robert  A.  Cummings  and  F.  Z.  Schellenberg, 
Directors. 

On  motion,  the  Secretary  was  instructed  to  cast  the  ballot 
of  the  Section  for  the  officers  nominated  by  the  committee. 

On  motion  annual  meeting  adjourned. 

Regular  meeting  of  the  Section  called  to  order  by  the  Chair¬ 
man. 

It  was  announced  that  our  distinguished  fellow  member,  Mr. 
Selwyn  M.  Taylor,  had  been  overcome  by  gas  and  killed  at  the 
Cheswick  coal  mine  while  leading  a  party  attempting  to  rescue 
miners  who  were  victims  of  a  terriffic  gas  explosion.  He  was 
killed  at  about  2  o’clock  a.  m.,  January  26,  1904. 

On  motion,  Section  adjourned,  out  of  respect  to  him,  at  8:50 
p.  m.  Program  postponed  till  the  next  regular  meeting. 

Willis  Whited,  Secretary  S.  S. 


REGULAR  MEETING. 


The  two  hundred  and  forty-first  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in  the 
lecture  room  of  the  Society’s  house,  410  Penn  Avenue,  Pittsburg, 
Pa.,  Tuesday  evening,  January  19th,  1904,  at  8:24  o’clock.  Presi¬ 
dent  J.  M.  Camp  in  the  chair,  and  72  members  and  visitors  pres¬ 
ent. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  reported  that  they  had  passed  favor¬ 
ably  on  the  following  applications  for  membership,  and  present 
same  to  the  Society  for  action : 


NAME. 


OCCUPATION  AND  ADDRESS. 


ENDORSED  BY 


HARRY  c.  BABBITT, 


Chemist, 

East  Pittsburg  Gas  Works. 
East  Pittsburg,  Pa. 


8.  M.  Kintner, 
J.  M.  (’anus 
C.  W.  Ridinger. 

John  McGinley, 
H.  W.  Craver, 


RALPH  S.  BEERS,  -  Electrician, 

of  the  Allegheny  Steel  cfc  Iron  Co.,  Pittsburg,  Pa.  I  J.  M.  Camp 
h.,  Breckenridge,  Pa. 


ANDREW  D.  BLYSHE 


Master  Mechanic, 
Armstrong  Cork  Co. 
h.,  2135  Webster  avenue,  Pittsburg,  Pa. 


R.  W.  BRIDGE, 


J.  W.  Landis, 
John  Hare, 
N.  C.  Wilson. 

Robt.  Linton, 
J.  ML  (  amp. 


Mechanical  Engineer, 

American  Glass  Co.,  Belle  Vernon,  Pa.  (  Frans  Engstrom. 
h.,  434  Atwood  street,  Pittsburg,  Pa. 

)H.  L.  Brown, 

G.  T.  Barnsley, 

S.  Diesther. 

h.,  1515  Adams  street,  Allegheny,  Pa. 

f  J.  M.  Camp, 

ALBERT  L.  COLBY,  -  Assistant  to  President,  -  G.  T.  Barnsley, 
The  Oxford  Copper  Co.,  care  International  Nickel  l  8.  Diescher. 

Co.,  43  Exchange  Place,  New  York,  N.  Y. 

(  D.  L.  Meekeel, 

HENRY  L.  COLLINS,  -  Mechanical  Draftsman  -  j  J.  L.  Klindworth 
Jones  &  Laughlin  Steel  Co..  S.  S.  Pittsburg,  Pa.  (  P.  B.  Hasbrouck. 
h.,  921  Ridge  avenue,  Allegheny,  Pa. 
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NAME. 


OCCUPATION  AND  ADDRESS. 


ENDORSED  BY. 


EDWARD  P.  COOK, 


(T.  E.  Doyle, 

CORRY  B.  COMSTOCK,  Architect  and  Engineer,  -j  C.  W.  Ridinger* 

Herrs  Island.  (.W.  B.  Hough. 

Pittsburg,  Pa. 

( T.  Fawcus, 

Designer,  -  ^  H.  M.  Wilson, 

Fawcus  Machine  Co.  (.  G.  T.  Barnsley* 
h.,  423  Locust  street,  Edgewood  Park,  Pa. 

(  E.  K.  Morse, 

G.  H.  DAK  FORTH,  Assistant  Structural  Engineer,  <  Arthur  Barnes, 

Jones  &  Laughlin  Steel  Co.  (  S.  Diescher. 

Pittsburg,  Pa. 

1  L.  J.  A  ff  elder, 

CLIFFORD  G.  DUNNE  LLS,  -  Contracting  Agent,  -  -j  E.  Swensson, 

with  the  American  Bridge  Co.  [  S.  Diescher. 

802  Frick  Building,  Pittsburg,  Pa. 

(  E.  K.  Morse, 

FRED  L.  GARLINGHOUSE,  Structural  E  gineer,  -  Arthur  Barnes, 

Jones  ct  Laughlin  Steel  Co.,  Pittsburg.  Pa.  IS.  Diescher. 
h.,  Glenshaw,  Pa. 

f  E  K.  Morse, 

JOHN  L.  HALVES,  Chief  of  Order  Department,  -  <  Arthur  Barnes, 

Jones  &  Laughlin  Steel  Co.,  Pittsburg.  Pa.  IS.  Diescher. 
h.,  Glenshaw,  Pa. 

f  F.  C.  Phillips, 

ARTHL^R  A.  HAMMERSCHL  AG,  Director  Carnegie  -  J.  A.  Brashear, 

Technical  Schools  of  Pittsburg,  Pa.,  (.  A\  .  R.  Ludwig. 

41  Liberty  street,  New  York.  N.  Y. 

313  Sixth  avenue,  Pittsburg,  Pa. 

C  ]\X.  Herr 

JOSEPH  D.  HARRIP,  -  Assistant  Chief  Engineer,  -  H.  H.  West’ghouse^ 

Westinghouse  Air  Brake  Co.  IH.  C.  Loudenbeck. 
Wilmerding,  Pa. 

(  J.  P.  Leaf, 

R.  L.  KENAH,  Jr.,  -  General  Manager,  -  <  E.  F.  Wendt, 
Pierce-Crouch  Engineer  Co.,  Empire  Building,  l  S.  Diescher. 

Pittsburg,  Pa.  h.,  New  Brighton,  Pa. 


DAVID  B.  KHSTCH, 


WM.  C.  MORELAND, 


WILLIAM  B.  ROGERS, 


Superintendent, 

Frick  Building. 

Pittsburg,  Pa. 

Secretary, 

Jones  «fc  Laughlin  Steel  Co. 
Pittsburg,  Pa. 

President, 

Rodgers  Sand  Co., 

321  Water  street,  Pittsburg,  Pa. 


G.  T.  Barnsley, 
E.  Swensson, 

M.  Knowles. 

E.  K.  Morse, 
Arthur  Barnes, 
S.  Diescher. 

G.  T.  Barnsley* 
J.  M.  Camp, 

S.  Diescher. 
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NAME. 


OCCUPATION  AND  ADDRESS. 


ENDORSED  BY. 


f  S.  H.  Stupakoff, 
Mechanic,  -  |  C.  W.  Ridinger, 

llass  Co.,  Hite,  Pa.  I  J.  M.  Camp. 


FRANK  W.  SALISBURY,  -  Master 

Allegheny  Plate  Glass 
h.,  Hite,  Pa. 

{John  McGinley, 
H.  W.  Craver, 
G.  T.  Barnsley. 

h.,  Breckenridge,  Pa. 

(  G.  S.  Davison, 

HARRY  W.  STEVENSON,  -  Chief  Engineer,  -  ’  H.  C.  Hawley, 

Wildwood  Pumping  Station,  Penna.  Water  Co.  (  J.  T.  Miller, 
h.,  Nadine,  Allegheny  Co.,  Pa, 

E.  Schenk, 


CHAS.F.  WALTHERS, 


H.  Laub, 

S.  Diescher. 


Assistant  Engineer,  - 
U.  S.  War  Department. 

507  House  Building,  Pittsburg,  Pa. 

{James  Scott, 
J.  P.  Collins, 
Bruce  Walter. 

Carnegie  Steel  Co. 

Lucy  Furnaces,  Pitt'burg,  Pa. 


Voted  that  the  Secretary  cast  a  ballot  to  elect  them  to  mem¬ 
bership. 

The  paper  of  the  evening  was  then  read  by  Doctor  C.  W. 
Waidner  on  “High  Temperature  Measurements.” 

The  paper  zvith  discussion  zoill  be  printed  in  a  latter  number 
of  the  proceedings. 
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CHEMICAL  SECTION. 

Pittsburg,  Pa.,  Jan.  21st,  1904. 

The  regular  monthly  meeting  of  the  Chemical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  this  even¬ 
ing  v  ith  the  Pittsburg  Section  of  the  American  Chemical  Society 
at  410  Penn  Avenue.  Mr.  H.  E.  Walters,  Chairman,  presided. 

Minutes  of  previous  meeting  were  omitted. 

Chairman  appointed  the  following  committees  for  the  ensuing 
year : 

Committee  on  Literature — Mr.  W.  H.^Zraver,  Mr.  A.  G.  Mc¬ 
Kenna,  Dr.  F.  C.  Phillips,  Mr.  Jacob  Mohr,  Mr.  J.  O.  Handy. 

Programme  Committee — Mr.  L.  L.  Arnold,  Mr.  Charles 
Rich,  Mr.  George  Leoffler. 

Committee  on  Methods — Mr.  J.  M.  Camp,  Mr.  H.  E.  Myers, 
Mr.  Kemery. 

The  paper  for  the  evening,  “The  Gas  Stove  Considered  from 
a  Sanitary  and  Chemical  Standpoint,”  by  Dr.  F.  C.  Phillips,  was 
read,  and  proved  very  interesting.  Dr.  Phillips  explained  very 
thoroughly  the  action  of  the  gases  in  closed  rooms,  where  stoves 
had  chimney  connections,  and  where  they  did  not  have  connections 
with  chimneys. 

The  paper  was  discussed  by  a  number  of  the  members  present. 

Vote  of  thanks  to  Dr.  Phillips  for  his  very  valuable  paper. 

Mr.  Babbitt  next  presented  a  sample  of  liquid  air,  making  a 
number  of  experiments  which  were  very  interesting  and  in¬ 
structive. 

No  other  business  before  the  Society,  on  motion  adjourned. 

George  P.  Maury,  Secretary. 
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THE  GAS  STOVE  CONSIDERED  FROM  A  CHEMICAL 
AND  SANITARY  STANDPOINT. 

By  Francis  C.  Phillips. 

In  the  early  days  of  natural  gas  development  when  gas  bills 
were  moderate  and  the  belief  prevailed  that  the  supply  from  the 
wells  was  unlimited,  there  was  little  need  for  any  device  for  its 
economical  utilization  in  the  household.  A  gas  pipe  was  set  up 
over  the  grate  bars  in  an  open  chimney  or  in  a  stove  and  the  huge 
luminous  flame  burning  freely  in  the  air  gave  an  abundant  supply 
of  heat  by  its  direct  radiation. 

As  it  soon  became  evident  that  we  could  not  accept  as  final 
the  pleasant  predictions  of  scientists  who  asserted  that  natural  gas 
is  a  contemporaneous  product,  and  therefore  inexhaustible,  but 
that  we  must  regard  it  as  a  stored  product,  bound  steadily  to  di¬ 
minish  from  the  time  of  the  tapping  of  the  first  gas  well,  increased 
economy  in  its  use  became  a  necessity. 

It  was  thought  to  be  an  import  and  improvement  when  the 
gas  was  admitted  through  a  mixer  under  a  grate  upon  which  was 
piled  a  deep  layer  of  broken  fire  brick  or  moulded  balls  of  burned 
clay.  Whether  combustion  was  rendered  complete  by  the  fire 
brick  and  clay  balls  was  not  material  for  a  chimney  flue  always 
carried  away  the  waste  gases. 

In  more  recent  times  gas  heating  appliances  of  more  economi¬ 
cal  form  have  been  devised,  and  as  at  present  used  fall  under  cer¬ 
tain  general  t}  pes.  These  may  be  described  as  follows  : 

1.  Stoves  in  which  the  gas  is  burnt  with  luminous  flames 
from  a  row  of  holes  or  burners  situated  at  the  base  of  the  stove. 
By  radiation  from  the  flames  the  sides  of  the  stove  are  heated. 
This  form  of  stove  has  been  long  used  for  coal  gas. 

2.  Stoves  in  which  the  gas  is  burnt  from  a  row  of  burners 
under  the  top,  the  heat  being  reflected  out  into  the  room  by  a  piece 
of  sheet  copper  forming  the  back  and  curved  bottom  of  the  stove. 

3.  The  gas  burns  from  small  openings  in  a  horizontal  pipe 
placed  close  against  the  back  wall  of  a  chimney  or  box  shaped 
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stove.  Or  the  gas  vents  are  small  openings  in  the  hollow  piece 
forming  the  back  wall,  and  diminutive  flames  in  great  number 
play  upward  and  against  the  back  wall,  which  is  often  tilted  for¬ 
ward  to  obtain  a  better  heating  effect.  Connected  with  fhe  burner 
in  these  stoves  is  an  air  mixer  which  serves  as  an  important  ad¬ 
junct  in  securing  complete  combustion  of  the  gas.  In  the  common 
forms  of  stove  of  this  type  having  a  row  of  holes,  a  device  often 
used  consists  of  a  cylinder  of  sheet  iron  having  a  great  number — 
several  hundred— -of  very  fine  holes.  In  the  older  patterns  a  piece 
of  gas  pipe  was  used  having  a  dozen  or  two  of  larger  holes. 

All  these  forms  of  stoves  may  give  satisfactory  results  when 
connected  with  a  chimney  and  from  a  sanitary  standpoint,  when 
so  used,  are  ordinarily  unobjectionable  so  long  as  the  chimney 
draught  is  properly  maintained.  It  has  become  quite  common, 
howrever,  to  use  stoves  of  comparatively  large  capacity  without 
chimney  connection  in  dwelling  rooms,  and  when  this  is  done,  the 
construction  of  such  stoves  becomes  a  matter  of  much  importance. 
With  a  view  to  a  study  of  the  products  of  combustion  of  natural 
gas  as  used  in  a  gas  stove  some  experiments  have  been  conducted 
and  the  results  of  these  experiments  are  here  presented. 

A  gas  stove  of  a  common  type  of  construction  was  used.  It 
w'as  of  box  form.  The  burner  consisted  of  a  sheet  iron  pipe  having 
about  300  very  small  holes  along  its  upper  surface.  A  mixer  at  the 
end  of  the  burner  having  an  adjustable  air  valve,  served  to  control 
the  air  supply.  Fhe  gas  issuing  from  the  burner  holes  formed  a 
single  sheet  of  flame,  extending  from  side  to  side,  and  playing  up¬ 
ward  against  a  sheet  iron  back,  coated  with  asbestos.  This  stove 
was  set  up  in  a  room  of  576  cubic  feet  capacity.  An  aluminum  tube 
of  J-inch  bore  was  passed  through  the  wall  into  an  adjoining  room 
and  samples  could  by  this  means  be  drawn  out  for  analysis.  This 
tube  was  fixed  with  its  end  six  feet  in  front  of  the  stove  and  at  a 
height  of  three  feet  from  the  floor.  The  walls  of  the  room  w^ere 
calsomined. 

It  was  noticed  when  the  gas  stove  was  used  in  this  room  that 
a  strong  odor  was  developed,  and  gaseous  products  resulted  which 
exerted  an  irritating  effect  upon  the  eyes  and  throat.  After  the 
stove  had  burned  for  five  hours  in  the  room  an  examination  of 
the  air  was  made  with  the  following  results : 
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Carbon  dioxide .  i.o  per  cent. 

Oxygen  .  15.15  per  cent. 

During  the  five  hours’  time  there  were  burnt  114  cubic  feet 
of  natural  gas  (measured  by  meter).  This  volume  of  gas  must 
have  produced  somewhat  more  than  the  same  volume  of  carbon 
dioxide,  and  had  there  been  no  opportunity  for  its  escape  the  air 
in  the  room  should  have  contained  more  than  20  per  cent,  of  this 
gas.  The  room  had  been  tightly  closed.  There  was  no  window  in 
its  walls.  The  greater  portion  of  the  carbon  dioxide  had,  there' 
fore,  made  its  way  out  through  the  plastered  ceiling  and  walls. 
Tests  were  made  of  the  air  draw  out  from  the  room  after  the 
stove  had  been  burning  for  a  half  hour.  Palladium  chloride  paper 
was  darkened,  gold  chloride  solution  yielded  a  precipitate  of  me¬ 
tallic  gold.  A  dilute  solution  of  fresh  blood  which  had  been 
shaken  up  with  a  portion  of  the  air  contained  in  a  half  gallon 
bottle  gave  indications,  on  subsequent  testing,  of  the  presence  of 
carbon  monoxide.  A  caged  Guinea  pig  and  caged  rats  placed  in 
the  room  or  exposed  to  a  current  of  the  air  drawn  out  from  the 
room,  died  in  periods  varying  from  one  to  two  hours  (counting 
from  the  time  of  lighting  the  stove)  and  their  blood  was  found  on 
spectroscopic  examination  by  the  method  of  Vogel  (Berichte  der 
deutschen  chemischen  Gesellschaft,  11,  p.  235),  and  Hempel 
(Methods  of  Gasanalvsis,  Translated  by  Dennis  from  the  Third 
Grman  Edition,  p.  21 1)  and  by  Wenzel’s  methods  (Lehmann,  Die 
Methoden  der  Praktischen  Hygiene,  p.  153),  to  contain  carbon 
monoxide.  The  air  of  the  room  possessed  a  strong  odor  of  form¬ 
aldehyde.  Tests  were  made  for  this  substance  bv  passing  a  cur¬ 
rent  of  the  air  through  a  solution  of  aniline  in  water.  A  white 
precipitate  was  produced  indicating  that  formaldehyde  was  pres¬ 
ent  as  a  product  of  the  burning  of  the  gas. 

It  was  found  that  whether  the  air  valve  at  the  mixer  was 
partly  closed  or  was  wide  open  carbon  monoxide  was  constantly 
produced.  Its  production  continued  whether  the  gas  was  turned 
down  so  that  the  flames  were  only  two  inches  high  or  was  so  in¬ 
creased  that  they  reached  a  height  of  eight  inches.  The  burner 
used,  having  300  small  holes,  and  producing  a  broad  sheet  of 
flame,  spreading  against  the  back  wall,  was  then  replaced  by  an 
old  style  burner,  having  a  row  of  12  holes,  each  hole  being  }-inch 


40  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

wide.  In  the  case  of  this  burner  the  flames  burn  separately,  an 
air  space  intervening  between  the  flames.  Each  flame  is,  there¬ 
fore,  surrounded  by  air  on  three  sides.  The  gas  and  air  entered 
teh  mixer  in  a  horizontal  direction.  When  the  flames  were  about 
five  inches  high  no  carbon  monoxide  was  found  in  air  samples 
taken.  On  increasing  the  gas  flow  so  that  the  flames  reached  a 
height  of  eight  or  nine  inches,  carbon  monoxide  and  formaldehyde 
were  produced.  The  single  flames  constituted  a  decided  advan¬ 
tage  over  the  continuous  sheet  of  flame,  causing  a  more  complete 
combustion. 

In  order  to  test  the  effect  of  the  mixer  in  producing  complete 
combustion  the  hole  through  which  the  gas  escapes  into  the  mixer 
was  enlarged  from  1-16  inch  to  1-8  inch.  This  change  was  found 
to  lead  to  the  formation  of  carbon  monoxide,  in  the  case  of  the 
burner  with  a  few  larger  holes.  A  change  was  then  made  in  the 
position  of  the  mixer.  The  burner  with  300  holes  was  used,  but 
the  mixer  in  a  horizontal  direction.  When  the  flames  were  about 
was  directed  vertically  upward.  Combustion  was  somewhat  more 
complete,  although  both  carbon  monoxide  and  formaldehyde  were 
shown  to  be  produced  as  before. 

The  burner  tube  used  in  the  first  trials  was  turned  somewhat 
about  its  horizontal  axis  so  that  the  row  of  holes  on  its  upper 
surface  was  moved  further  awav  from  the  asbestos  coated  back. 

w/ 

The  base  of  the  flame  sheet  was  then  about  if  inches  from  the 
back  instead  of  f  inch.  Combustion  was  then  found  to  be  more 
complete.  The  flame  sheet  should  not  press  too  closely  against 
the  mass  of  asbestos  at  the  back.  Solid  matter  in  a  flame  may 
tend  to  impede  combustion  by  obstructing  the  access  of  air  even 
when  the  solid  exerts  a  catalytic  action.  It  is  for  this  reason  that 
an  incandescent  burner  may  produce  a  small  quantity  of  carbon 
monoxide  in  spite  of  the  strongly  catalytic  action  of  the  material 
of  the  mantle.  An  ordinary  luminous  gas  flame  does  not  produce 
carbon  monoxide. 

A  gas  flame  has  a  tendency  to  incline  towards  any  hard  sub¬ 
stance  held  at  its  edge  or  near  it.  The  flame  sheet  in  a  gas  stove 
is  liable  to  press  too  closely  against  the  back  even  when  the 
flame  at  its  base  is  far  enough  away  from  the  back. 
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The  original  stove  was  then  tried  in  larger  rooms,  of  1.500, 
3,000,  4,800  and  6,000  cubic  feet  capacity.  In  all  cases  carbon 
monoxide  was  produced. 

The  pressure  upon  the  gas  was  increased  to  16  ounces  in  the 
room  of  6.000  cubic  feet.  The  flames  then  burnt  4  inches  out  over 
the  top  of  the  stove.  Carbon  monoxide  was  constantly  produced. 
In  all  these  trials  in  larger  rooms  the  air  samples  used  for  analyti¬ 
cal  tests  were  drawn  from  the  opening  at  the  back  of  the  stove. 

While  the  air  mixer  is  a  very  important  device  a  great  many 
experiments  made  with  different  stoves  have  shown  that  more  de¬ 
pendence  must  be  placed  upon  a  proper  air  supply  to  the  flames 
than  upon  the  effect  of  the  air  mixer  in  attainment  of  complete 
combustion  and  the  prevention  of  carbon  monoxide  and  formalde¬ 
hyde  production. 

In  stoves  which  have  their  burners  at  the  bottom,  and  produc¬ 
ing  free  burning  flames,  combustion  is  usually  complete,  so  long 
as  the  gas  flow  is  properly  regulated.  Stoves  having  free  burning 
flames  at  or  near  the  top  and  a  copper  reflector  are  not  always  as 
safe  as  these.  Flames  near  the  top  of  a  partly  shut  in  stove  are 
not  so  well  provided  with  a  supply  of  fresh  air,  and  in  this  respect 
are  less  safe. 

If  the  flames  are  too  large  and  in  playing  against  the  top 
cause  a  deposit  of  soot,  carbon  monoxide  production  is  to  be 
feared.  The  upper  part  of  such  a  stove  should  not  be  too  much 
shut  in  by  an  overhanging  front.  The  danger  in  the  use  of  these 
stoves  is  lessened  by  the  fact  that  care  is  likely  to  be  taken  to 
check  the  flow  of  gas  below  the  point  at  which  the  inconvenience  of 
soot  formation  is  possible. 

Physiological  effects  of  the  products  of  the  combustion  of 
'natural  gas. 

Natural  gas  may  be  regarded  as  a  mixture  of  methane  with 
very  small  quantities  of  other  hydrocarbons  and  about  2  per  cent, 
of  nitrogen.  One  cubic  foot  of  natural  gas  will  produce  in  burn¬ 
ing  a  little  more  than  one  cubic  foot  of  carbon  dioxide  and  a  little 
more  than  two  cubic  feet  of  water  vapor,  and  there  will  be  con¬ 
sumed  somewhat  more  than  two  cubic  feet  of  oxygen. 

Carbon  monoxide  may  be  a  product  of  such  combustion  but 
only  in  case  that  the  process  is  checked  either  by  lack  of  air  supply 
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or  a  sudden  cooling  of  a  flame.  Sulphur  compounds  occur  in  nat¬ 
ural  gas.  These  in  burning  produce  sulphur  dioxide.  The  quan¬ 
tity  of  such  compounds  is  too  small,  however,  to  contribute  to¬ 
wards  the  contamination  of  the  air  of  a  room  in  which  a  gas  stove 
is  burning. 

In  the  experiments  described  it  has  been  shown  that  formalde¬ 
hyde  may  be  among  the  products  of  incomplete  combustion  of 
natural  gas  in  a  stove. 

Carbon  dioxide.  The  effects  of  this  gas  upon  health  have 
been  generally  considered  in  reference  to  the  case  of  ex¬ 
haled  air  and  it  lias  been  supposed  that  the  ill  effects  of  in¬ 
haling  the  air  of  crowded  rooms  are  due  to  volatile  organic  poisons 
contained  in  the  breath  rather  than  to  any  specific  poisonous  action 
of  carbon  dioxide.  Billings  Mitchell  and  Bergey  (“The  Composi¬ 
tion  of  Expired  Air  and  its  Effects  upon  Animal  Life,”  Smith¬ 
sonian  Contributions  to  Knowledge,  1895,  p.  24)  have  shown  that 
the  bad  effects  of  such  air  are  due  to  an  increase  of  carbon  dioxide, 
or  a  loss  of  oxygen,  or  to  both  factors.  Bergey,  (Principles  of 
Hygiene,  p.  502)  states  that  “carbon  dioxide  is  poisonous  in  large 
proportions  exceeding  1  to  2  per  cent.,  but  there  is  no  doubt  that 
the  presence  of  even  smaller  quantities  for  long  periods  of  time 
induces  progressive  depression  of  vitality  thus  constituting  a  prep¬ 
aration  and  predisposing  cause  for  many  diseases."  Grehant  (“Les 
Poisons  de  l'Air"  p.  51)  found  that  the  elimination  of  carbon 
dioxide  by  the  lungs  is  diminished  by  about  25  per  cent,  when  the 
air  inhaled  contains  1  per  cent,  of  this  gas.  When  the  proportion 
of  carbon  dioxide  in  the  air  reaches  7  per  cent.,  its  elimination 
from  the  lungs  ceases  and  the  proportion  in  the  inhaled  and  ex¬ 
haled  air  remains  the  same. 

Carbon  monoxide.  The  poisonous  effects  from  the  inhalation 
of  this  gas  are  well  known  to  sanitarians,  and  authorities  agree  as 
to  its  dangers.  It  is  the  poisonous  constituent  of  coal  gas  and  of 
water  gas,  and  the  many  deaths  occurring  from  poisoning  by 
illuminating  gas  are  attributable  to  this  one  substance.  The  poi¬ 
sonous  properties  of  blast  furnace  gas  are  also  due  to  carbon 
monoxide.  Deaths  resulting  from  the  “after  damp”  which  follows 
the  explosion  of  fire  damp  in  a  coal  mine,  are  due  in  many  cases 
to  the  presence  of  carbon  monoxide  as  a  result  of  the  explosion. 
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“Carbon  monoxide  has  no  smell  or  irritating-  properties  bv  which 
its  presence  may  be  recognized,  and  its  action  is  peculiarly  slow 
and  insidious  The  first  symptoms  are  usually  dizziness,  shortness 
of  breath  and  palpitation  following  any  unusual  exertion.  Some¬ 
times  there  is  drowsiness  and  sometimes  there  is  unusual  excite¬ 
ment,  similar  to  that  produced  by  alcohol.  When  more  of  the  gas 
is  inhaled  there  is  great  failure  of  muscular  power.  The  least 
exertion  causes  fainting  and  any  serious  exertion  may  prove  fatal. 
At  the  same  time  the  mind  becomes  more  or  less  confused,  al¬ 
though  the  person  affected  is  not  aware  of  any  mental  failure. 
The  senses  are  also  affected  and  frequently  there  seems  to  be 
greater  or  less  insensibility  to  pain,  as  miners  who  are  partially 
stupefied  bv  carbon  monoxide  are  not  infrequently  seriously  burnt 
by  their  lamps.  The  loss  of  muscular  and  sensory  power  gradually 
becomes  more  and  more  complete  until  consciousness  is  entirely 
lost,  and  finally,  with  further  absorption,  death  quietly  ensues. 
There  is  no  pain  or  serious  discomfort  at  any  stage.  Recovery 
from  slight  carbon  monoxide  poisoning  is  usually  accompanied 
with  slight  headache,  nausea  and  depression.  When  conscious¬ 
ness  has  been  lost  for  a  considerable  time  recovery  is  verv  slow 
and  uncertain.  In  cases  where  much  muscular  exertion  has  been 
attempted  during  exposure  to  the  poison  the  heart  appears  to  he 
often  seriously  affected."  (Dr.  Thomas  Oliver,  Dangerous 
Trades,  p.  551.) 

A  more  or  less  complete  failure  of  the  intellectual  faculties  is 
often  one  of  the  early  symptoms,  and  the  victim,  although  con¬ 
scious,  may  be  wholly  unable  to  make  any  effort  to  secure  aid.  It 
has  been  observed  that  of  several  persons  exposed  to  the  gas  those 
who  are  in  the  most  vigorous  health  are  often  the  first  to  suecomb 
to  its  effects. 

In  cases  of  fatal  poisoning  patches  of  an  intense  red  color 
_  appear  upon  the  surface  of  the  skin  at  different  parts  of  the  body. 
These  are  quite  characteristic  of  carbon  monoxide  poisoning. 

Formaldehyde. — It  has  proved  impossible  to  find  any  records 
of  poisoning  from  the  inhalation  of  formaldehyde.  It  has  been 
found  that  the  gas  largely  diluted  with  air  is  very  poisonous  to 
mice  and  to  Guinea  pigs.  Wood  (Therapeutics,  Its  Principles 
and  Practice,  eleventh  edition,  p.  812)  states  that  “formaldehyde 
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is  an  intensely  active  local  irritant,  producing-,  when  in  very  mi¬ 
nute  amount  in  the  air,  violent  irritation  of  the  respiratory  mu¬ 
cous  membranes,  or,  it  may  be,  fatal  pulmonary  inflammation.”  It 
cannot  be  asserted  that  formaldehyde  is  likely  to  result  in  such 
quantity  from  the  burning  of  a  gas  stove  as  to  endanger  life,  but 
its  production  even  in  small  quantity  along  with  carbon  monoxide 
and  dioxide  mav  seriously  affect  health. 

Gas  stoves  of  faulty  construction  have  been  the  cause  of  many 
cases  of  carbon  monoxide  poisoning,  but  accidents  have  been  more 
commonly  due  to  the  use  of  stoves  in  an  improper  and  careless 
manner. 

A  gas  stove  in  burning  generates  a  considerable  quantity  of 
carbon  dioxide,  and  this  gas  being  heated,  rises  and  becomes  di¬ 
luted  with  warm  air.  Of  this  heated  and  impure  air  a  large  por¬ 
tion  passes  off  from  the  room  by  diffusion  through  the  porous 
plaster  of  the  ceiling  and  walls ;  another  portion  remains  in  the 
upper  part  of  the  room,  and  a  third  portion  in  contact  with  the 
walls,  grows  colder,  and  sinks  to  the  floor  to  reenter  the  stove  and 
be  carried  again  to  the  ceiling*.  Some  experiments  have  been  tried 
in  order  to  ascertain  to  what  extent  the  carbon  dioxide  would  in¬ 
crease  in  a  small  room  when  a  gas  stove  was  burning  continuously 
for  a  considerable  period.  A  gas  stove  was  set  up  in  the  room  of 
576  cubic  feet  capacity  and  gas  was  burnt  at  the  rate  of  20  cubic 
feet  per  hour.  Air  samples  were  drawn  out  from  the  room  at 
intervals  and  carbon  dioxide  determinations  gave  the  following 


results. 

Time.  Carbon  dioxide  found. 

Dec.  4.  Dec.  5. 

1  hour .  1. 10  percent.  0.85  percent. 

2  hours .  1.5  percent.  1.3  percent. 

3  hours .  1.6  percent.  1.7  percent. 

4  hours .  1.6  percent.  1.8  percent. 

5  hours .  1.7  percent.  1.9  percent. 

6  hours .  1.6  percent.  1.8  percent. 


These  determinations  seem  to  show  that  an  approximate 
equilibrium  had  been  reached  between  the  production  of  carbon 
dioxide  and  its  escape  by  diffusion,  and  that  the  proportion  of  this 
gas  in  the  air  had  become  practically  constant. 
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It  is  probable  that  when  a  gas  stove  is  used  without  a  chimney 
connection  in  a  dwelling  room  of  moderate  capacity  of  which  the 
doors  and  windows  are  closed,  the  conditions  are  tending  towards 
a  limit  as  regards  the  vitiation  of  the  air,  this  limit  being  depend¬ 
ent  upon  the  quantity  of  gas  burnt,  the  capacity  of  the  ceiling  for 
diffusion,  and  the  difference  of  temperature  between  the  air  inside 
and  outside  the  room.  From  a  series  of  experiments,  carried  out 
at  different  times,  it  may  be  said  that  in  an  ordinary  small  room 
the  carbon  dioxide  resulting  from  a  gas  stove  may  increase  to 
about  2  per  cent.,  while  the  oxygen  of  the  air  may  be  decreased  to 
about  15  per  cent.,  but  in  rooms  of  1,500  cubic  feet  capacity  or  less, 
a  condition  of  vitiation  corresponding  approximately  to  these 
limits  is  not  likelv  to  be  exceeded. 

j 

Gaertner  (Journal  fur  Gasbeleuchtung  und  Wasserversor- 
gung,  iooo,  p.  336)  cites  results  of  experiments  upon  the  effects 
of  a  gas  stove  upon  the  air  of  a  small  room,  from  which  it  appears 
that  air  containg  2  per  cent,  of  carbon  dioxide  and  16  per  cent,  of 
oxygen,  together  with  the  proportionate  amount  of  water  vapor 
may  extinguish  the  flames  of  candles  and  coal  oil  lamps.  Carbon 
monoxide  was  found  to  be  produced. 

When  the  oxygen  was  reduced  to  15  per  cent,  combustion 
was  so  incomplete  that  the  flames  yielded  much  soot.  It  is  there¬ 
fore  possible  for  the  air  to  be  so  vitiated  by  the  action  of  the  stove 
itself  that  the  gas  can  no  longer  be  burnt  without  grave  danger 
of  carbon  monoxide  poisoning  to  the  inmates  of  the  room. 

It  appears,  therefore,  that  respiration  may  continue  for  a  time 
at  least  in  air  after  it  has  become  so  vitiated  as  to  interfere  with 
the  complete  combustion  of  gas.  We  may  still  breathe  air  which 
has  become  so  impoverished  that  gas  flames  can  no  longer  burn 
without  production  of  carbon  monoxide  or  formaldehyde. 

The  newspapers  report  from  day  to  day  cases  of  poisoning 
from  the  use  of  gas  stoves  without  flue  connections.*  Many  of 
the  accidents  from  this  source  might  be  summarized  in  the  follow¬ 
ing  way :  During  a  cold  winter  evening  the  gas  is  lighted  in  the 
stove.  The  pressure  being  low  and  the  valve  is  turned  wide  open. 
The  occupant  of  the  room  falls  asleep  and  is  found  dead  the  next 
morning.  The  gas  pressure  had  increased  during  the  night  and 
the  flames  play  over  the  top  of  the  stove  when  the  room  is  opened 
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the  next  morning.  Carbon  dioxide  accumulates  to  the  extent 
which  prevents  the  complete  combustion  of  the  gas/  and  a  case  of 
carbon  monoxide  poisoning  results.  Under  ordinary  conditions 
the  air  may  not  become  so  far  vitiated  as  to  produce  such  an  effect. 
An  exceptionally  low  temperature  outside  may  cause  moisture  to 
condense  in  the  pores  of  the  plaster  ceiling  and  thus  check  diffu¬ 
sion.  Ice,  covering  the  window  cracks  on  the  outside,  may  di¬ 
minish  the  inflow  of  fresh  air.  Papered  walls,  and  especially,  var¬ 
nished  paper,  may  add  to  the  danger.  In  rooms  where  several 
persons  breathe  and  numerous  gas  flames  are  burning,  the  ten¬ 
dency  to  carbon  monoxide  production  will  be  increased.  Defective 
construction  of  the  stove  may  still  further  promote  the  danger. 
With  the  possible  coincidence  of  several  such  causes  the  fatal  limit 
of  contamination  of  the  air  may  be  reached.  Combustion  is  then 
rendered  incomplete  and  carbon  monoxide  is  produced  with  its  at¬ 
tendant  consequences. 

Gas  stoves  without  flue  connections  can  only  be  used  with  any 
degree  of  safety  when  of  very  small  dimensions  and  when  prop¬ 
erly  constructed.  The  little  portable  stoves  with  free  burning  flames 
and  having  their  sheet-iron  sides  perforated  with  many  small  holes 
admitting  a  plentiful  supply  of  air,  are  perhaps  the  least  objection¬ 
able  form  for  use  without  flues.  A  kettle  closely  fitting  the  top  of 
such  a  stove  may,  by  checking  the  draft,  cause  incomplete  combus¬ 
tion  and  an  odor  of  formaldehyde. 

A  stove  of  this  type  should  have  a  lid,  to  prevent  a  too  rapid 
rise  of  warm  air  to  the  ceiling,  but  this  lid  should  be  perforated  in 
order  to  permit  of  a  sufficient  draught. 

Some  of  the  instantaneous  water  heaters  produce  a  strong 
formaldehyde  odor  owing  to  the  interference  with  combustion  of 
gas  due  to  the  cooling  of  the  flame  as  it  plays  against  a  pipe 
through  which  a  stream  of  cold  water  is  flowing.  The  same  odor 
is  noticed  whenever  a  kettle  of  cold  water  is  held  in  a  large  gas 
flame.  Haber  and  Weber  (Journal  Fur  Gasbeleuchtung  und  Was- 
serversorgung,  1896,  p.  102)  have  investigated  the  products  from 
a  gas  flame  burning  closely  against  a  kettle  of  water  and  have 
shown  that  under  such  conditions  carbon  monoxide  and  acetylene 
may  be  constantly  produced  when  the  air  entering  by  way  cf  the 
mixer  is  insufficient.  Unpleasant  odors  are  commonly  noticeable 
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about  a  gas  cooking  stove  when  the  dame  plays  against  colei  sur¬ 
faces.  There  can  be  no  doubt  that  besides  carbon  monoxide  and 
formaldehyde  other  products  result  from  the  incomplete  combus¬ 
tion  of  coal  gas  and  natural  gas.  In  an  experiment  with  a  gas 
stove  of  somewhat  faulty  construction,  using  natural  gas  under  a 
pressure  of  eight  ounces,  a  strong  odor  of  isobutylene  was  ob¬ 
served.  There  is  no  reason  to- think  that  either  acetylene  or  iso¬ 
butylene  is  poisonous  if  present  in  small  quantities  in  air. 

Stoves  in  which  the  burner  consists  of  a  horizontal  pipe  with 
a  row  of  holes  for  gas  and  producing  flames  which  play  against 
an  asbestos  coated  back,  should  have  a  space  open  below  between 
the  burner  and  the  back.  The  asbestos  should  not  be  packed  in  too 
dense  masses.  Burners  with  a  few  holes  of  a  quarter  inch  in 
width  would  be  preferable  (if  obtainable)  to  those  having  a  large 
number  of  fine  openings.  The  air  mixer  should  be  wide  open  for 
the  admission  of  air  and  should  not  have  a  valve  for  the  closing 
of  the  air  opening.  The  draught  of  the  stove  is  diminished  by 
being  compelled  to  take  a  downward  course  on  its  way  to  the  out¬ 
let  and  such  a  course  is  especially  dangerous  when  a  stove  is  used 
without  chimney  connection. 

It  has  been  found  that  by  using  a  stove  pipe  rising  vertically 
to  a  height  of  six  feet  above  the  stove,  and  terminating  within 
the  room,  it  is  possible  to  greatly  improve  combustion  so  as  to 
prevent  the  production  of  carbon  monoxide  and  formaldehyde. 
This  was  shown  by  analyses  of  samples  of  air  taken  directly  from 
within  the  outlet  of  the  stove. 

Natural  gas  as  derived  from  the  West  Virginia  fields,  and 
now  piped  to  Allegheny  and  Pittsburgh,  does  not  contain  carbon 
monoxide.  This  fact  has  been  fully  demonstrated  by  careful  and 
repeated  tests  and  it  may  be  safely  asserted  that  the  carbon  mon¬ 
oxide  found  in  the  above  experiments  was  not  due  to  an  escape  of 
unburnt  gas  from  the  stove. 

The  time  has  come  when  the  mode  of  setting  and  use  of  gas 
stoves  in  dwellings  should  be  placed  under  the  supervision  and 
control  of  the  health  authorities  in  municipalities. 

Coroner’s  juries  in  Allegheny  county,  who  have  rendered 
verdicts  in  cases  of  fatal  poisoning  caused  by  the  improper  use  of 
gas  stoves,  have  frequently  coupled  their  verdicts  with  a  recom- 
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mendation  that  a  law  be  enacted  forbidding  the  use  of  gas  stoves 
without  chimnev  connections.  As  modern  houses  are  built,  how- 
ever,  there  are  usually  to  be  found  in  every  dwelling  several 
rooms  without  chimney  flues,  and  as  heating  by  gas  stoves  affords 
frequently  the  only  practicable  method  of  rendering  such  rooms 
habitable,  the  enactment  of  such  laws  would  necessitate  the  further 
enactment  that  every  room  shall  have  a  chimney  flue.  Gas  stoves 
offered  for  sale  should  be  subjected  to  tests  and  if  found  to  yield 
carbon  monoxide  or  formaldehyde  when  used  with  gas  under 
varying  conditions  of  pressure,  should  be  condemned. 

That  a  gas  stove  can  be  used  without  danger  of  production  of 
the  poisonous  substances  resulting  from  incomplete  combustion 
should  be  attested  by  an  official  certificate,  and  without  such  a 
certificate  its  sale  should  be  illegal.  The  manner  of  using  a  gas 
stove  in  a  dwelling  house  should  be  as  much  a  matter  of  official 
inspection  as  the  plumbing. 

Carbon  monoxide  is  the  most  poisonous  gas  to'  which  the 
dwellers  in  city  houses  are  ordinarily  exposed,  and  its  effects  are 
without  doubt  being  unknowingly  felt  by  many  as  the  result  of 
faultv  construction  and  improper  use  of  gas  stoves. 
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[Paper  read  before  Mechanical  Section,  February  2,  1904.] 

SOFTENING  AND  PURIFICATION  OF  WATER. 

BY  J.  C.  W.  GRETH. 

The  softening  and  purification  of  water  have  been  receiv¬ 
ing  so  much  attention  recently  in  scientific  and  engineering 
papers,  also  from  engineers,,  that  it  seems  no  longer  necessary 
to  call  attention  to  the  fact  that  the  impurities  in  water  are  of 
two  kinds,  viz.,  organic  and  inorganic,  and  may  be  either  in 
suspension  or  solution.  Those  in  suspension  have  received 
the  most  attention  from  engineers,  and  may  properly  be  term¬ 
ed  “the  sanitary  purification  of  water  for  use  in  cities,  public 
buildings,  etc.”  These  present,  however,  an  entirely  different 
problem  from  the  softening  and  purification  of  water  for  boil¬ 
er-feed  and  manufacturing  purpose,  and  the  work  is  usually 
performed  by  sand  filter-beds  or  mechanical  filters.  The 
presence  of  organic  matter,  or  bacteria,  either  in  solution  or 
suspension,  which  would  be  detrimental  to  public  health, 
would  not  have  any  injurious  effects  on  a  boiler.  The  inor¬ 
ganic  matter,  such  as  soluble  lime,  magnesia  and  iron,  as  well 
as  free  acids  and  silt  or  clay,  do  cause  an  unnecessary  amount 
of  labor  and  expense. 

The  usual  inorganic  substances  in  wrater  are  the  following, 
and  are  grouped  as  to  the  trouble  they  usually  cause  in  steam 
boilers:  Carbonates  and  sulphates  of  lime  and  magnesia,  silica, 
oxides  of  iron  and  alumina,  and  suspended  matter.  All  of 
which  tend  to  form  scale.  The  following  cause  corrosion : 
sulphuric,  hydrochloric,  carbonic,  acetic  and  tannic  acid.  The 
latter  two  are  usually  due  to  contamination  from  chemical 
works,  or  other  processes  in  which  these  acids  are  cither  used 
or  developed.  Iron  sulphate  and  magnesia  chloride  belong  in 
a  class  by  themselves,  as  they  not  only  form  scale,  but  are 
corroding  agents  besides. 
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The  carbonates,  sulphates  and  chlorides  of  sodium,  and 
sometimes  potassium,  are  found,  especially  sodium  chloride. 
These  substances  cause  no  particular  harm,  except  when  they 
are  present  beyond  a  certain  amount;  in  which  case  foaming 
will  result.  When  a  water  which  contains  a  part  or  all  of’ 
these  impurities  is  heated  to  212  degrees  fahrenheit,  and  is 
boiled  for  some  time,  the  carbonates  of  lime  and  magnesia  are 
precipitated ;  but  it  requires  a  temperature  of  about  300  de¬ 
grees  fahrenheit  (or  steam  at  70  lbs.  pressure)  to  precipitate 
the  sulphates  of  lime  and  magnesia.  The  continual  evapora¬ 
tion  of  the  water  concentrates  these  impurities,  until  finally 
the  point  of  saturation  is  reached.  Then  the  bulk  of  the  more 
soluble  impurities  will  be  precipitated,  together  with  the  less 
soluble  carbonates,  sulphates,  and  even  chlorides.  This  de¬ 
posit  of  scale  forms  wherever  the  water  comes  in  contact  with 
the  hot  metal.  The  deposit  is  piled  up  in  thin  layers  of  iron, 
silica,  lime  and  magnesia,  and  is  generally  the  thickest  where 
the  least  amount  of  steam  is  generated.  The  consequences 
are  generally  serious. 

The  carbonates  of  lime  and  magnesia  are  non-conductors 
of  heat,  having  relative  values  of  .67  and  .76  (felt  or  wool 
being  1.00).  It  is  claimed  the  conducting  power  of  iron  for 
heat  is  about  thirty  times  that  of  saturated  scale.  The  effect 
of  covering  the  metal  with  this  non-conducting  material  is  : 

First.  The  increased  amount  of  fuel  which  it  is  necessary 
to  use,  in  order  to  raise  the  temperature  of  the  water  to  a 
given  point  or  to  generate  steam. 

Second.  There  is  great  danger  of  burning  or  over-heat¬ 
ing  the  boiler,  by  reason  of  the  fact  that  the  water  is  not  in 
immediate  contact  with  the  shell  and  cannot  carry  off  or  ab¬ 
sorb  the  heat  from  the  plates.  The  boiler  being  under  pres¬ 
sure  the  over-heating  of  the  metal  results  in  the  stretching  of 
the  plate,  forming  a  bag;  or  the  metal  may  blister  or  crystal- 
ize,  which  will  very  much  reduce  its  tensile  strength,  render¬ 
ing  the  boiler  unsafe.  This  means  repairs  are  in  order,  even 
in  cases  where  the  metal  does  not  get  heated  enough  to  bag 
or  blister,  but  is  sufficient  to  cause  the  metal  to  expand  un¬ 
equally,  distorting  the  seams  and  joints  between  the  several 
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parts  of  the  boiler.  This  causes  leaks,  which,  in  time,  become 
serious  enough  to  put  the  boiler  out  of  use.  Even  under  con¬ 
ditions  where  no  disastrous  results  follow,  a  great  deal  of  labor 
on  the  part  of  the  engineer  in  charge  is  necessary  to  keep  the 
scale  from  accumulating.  It  is  usually  very  hard,  and  can 
only  be  removed  after  considerable  hard  work.  Continual 
hammering  and  chipping  is  injurious  to  the  metal,  and  even 
if  the  intentions  of  the  cleaner  are  the  best,  it  is  impossible 
to  reach  all  parts  of  the  modern  steam  generator  for  cleaning. 

The  boilers  are  not  the  only  part  of  the  steam  generating 
plant  which  are  affected  by  the  impurities  of  the  water.  A  de¬ 
posit  of  a  part  of  the  carbonates  of  lime,  magnesia  and  iron 
takes  place  when  the  water  reaches  the  exhaust  steam  heater. 
The  same  trouble  arises  in  steam  plants  using  economizers  or 
heaters  through  which  the  water  passes  after  it  leaves  the  ex¬ 
haust  steam  heater,  and  before  it  reaches  the  boilers.  These 
obtain  their  heat  from  the  waste  gases  of  the  furnace,  and  it 
is  very  important  that  their  surfaces  should  be  clean  and  kept 
so  without  involving  a  great  deal  of  labor  and  expense.  A 
deposit,  too,  especially  from  well  waters,  takes  place  in  the 
feed  pipes,  valves,  pumps,  etc. 

The  action  of  the  acids  is  a  subject  which  interests  us  con¬ 
siderably  on  account  of  the  surrounding  rivers  containing 
more  or  less,  either  in  the  free  state,  or  loosely  combined.  The 
action  is,  briefly,  as  follows : 

Sulphuric  acid,  the  one  most  common,  is  either  in  a  free 
state  or  combined  with  iron  as  the  sulphate,  which  the  heat 
immediately  splits  up  into  iron  oxide  and  sulphuric  acid.  In 
the  boiler,  the  acid  attacks  the  iron  of  the  boiler,  forming  iron 
sulphate,  which  immediately  splits  up  into  sulphuric  acid  and 
an  iron  salt,  which,  through  various  stages,  eventually  reaches 
the  shape  of  ferric  oxide,  which  is  precipitated.  The  acid 
being  set  free,  this,  with  more  acid  coming  in  with  the  water, 
again  attacks  the  iron,  and  goes  through  the  same  process 
again,  and  eventually  a  water  which  might  contain  only  three 
or  four  grains  of  free  acid  on  entering  a  boiler,  would  become 
a  strong  solution  and  carries  on  its  work  of  rapid  disintegra¬ 
tion  of  the  iron  of  the  boiler.  These  are  substances,  the  re- 
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moval  or  neutralization  of  which,  from  water,  forms  the  sub¬ 
ject  of  this  paper. 

Let  us  first  consider  some  of  the  mechanical  devices  and 
methods  employed,  with  more  or  less  success,  in  the  purifica¬ 
tion  of  water  for  boiler-feed  purposes. 

The  carbonates  of  lime,  magnesia  and  iron  are  soluble  in 
waters  having  carbonic  acid  in  solution.  When  this  water  is 
heated  to  a  temperature  of  212  degrees  fahrenheit,  and  boiled 
for  a  time,  the  carbonic  acid  is  driven  off  and  the  carbonates 
precipitated.  This  fact  is  made  use  of  in  the  ordinary  exhaust 
steam  heater,  and  is  the  reason  for  their  being  called  water 
purifiers.  These  heaters  are  not  built  of  sufficient  size,  nor  is 
the  temperature  of  the  water  really  ever  raised  to  the  boiling 
point,  nor  the  water  kept  in  the  heater,  or  at  this  temperature, 
long  enough  to  drive  off  all  the  free  or  loosely  combined  car¬ 
bonic  acid;  or  in  other  words,  bring  about  the  precipitation  of 
all  the  carbonates  in  the  heater.  A  portion  of  them  is  remov¬ 
ed.  The  following  analyses,  before  and  after  going  through 
an  exhaust  steam  heater,  of  well-known  make,  show  about 
the  extent  of  the  removal  of  the  carbonates : 


Analysis  No.  184. 


Carbonates:  calcium . 

magnesium.  .  .  . 

Sulphates:  calcium . 

Chlorides:  magnesium . 

sodium . 

Oxides:  iron  and  alumina.. 

silica . 

Volatile  and  organic  matter 


Grs.  per  U.  S.  Gal. 
8.3194 
3-6087 
2.8567 
1.4225 
1.6149 

•2915 

•8745 

1.9996 


Total  solids .  20.9880 

Carbonic  acid  in  solution .  5.83 


Analysis  No.  184-A. 


Carbonates:  calcium . 

magnesium . 

Sulphates:  calcium . 

Chlorides:  magnesium . 

sodium . 

Oxides:  iron  and  alumina . 

silica . 

Volatile  and  organic  matter... 
Carbonic  acid  in  solution . 


Grs.  per  U.  S.  Gal. 
5.0632 
1.2243 
2.8521 
1.4181 
1.6142 
.1666 

.4897 

1.2346 

3071 
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The  sulphates  of  lime  and  magnesia  are  not  affected  in 
the  exhaust  steam  heater,  as  they  require  a  higher  temperature 
to  cause  precipitation.  About  300  degrees  fahrenheit,  or 
steam  at  70  lbs.  pressure,  will  bring  about  a  precipitation.  To 
find  a  remedy,  or  to  prevent  the  precipitation  of  the  sulphates 
in  the  boiler,  a  second  tank,  like  a  boiler  filled  with  pans  or 
shelves,  and  heated  with  live  steam,  is  brought  into  use.  Into 
this  receptacle  all  the  water  passes  before  it  finally  reaches 
the  boiler.  By  maintaining  this  heater  at  the  boiler  pressure, 
the  water  becomes  hot  enough  to  start  precipitation  of  its 
solids.  This  is  not  an  instantaneous  process,  but  a  gradual 
one;  and  it  continues  after  the  water  has  reached  the  boiler. 

Of  course,  the  efficiency  of  mechanical  purifiers,  depend¬ 
ing  on  heat,  is  proportional  to  the  length  of  time  during  which 
the  water  is  subjected  to  the  heating  process.  In  practice, 
the  water  is  never  thoroughly  purified  in  exhaust  or  live  steam 
purifiers,  because  the  heater  is  usually  so  small  that  the  water 
passes  through  it  in  too  short  a  time  to  complete  the  precipi¬ 
tating  process.  Sulphate  of  lime  is  said  to  be  insoluble  at  tem¬ 
peratures  above  300  degrees.  This  is  true  provided  there  is 
a  certain  amount  of  it  in  the  water.  Analyses  of  the  water 
from  the  blow-off  valves  of  boilers  show  that  the  sulphate  of 
lime  in  solution  is  as  high  as  25  grains  per  gallon,  even  when 
the  temperature  is  far  above  300  degrees.  From  this  it  is  evi¬ 
dent  that  it  is  due  to  concentration  as  well  as  heat  that  the 
sulphate  of  lime  precipitates  in  the  boilers,  forming  scale. 
Concentration  does  not  take  place  either  in  exhaust  or  live 
steam  heaters,  and  even  if  exhaust  and  live  steam  heaters  did 
accomplish  all  that  is  claimed  for  them  by  their  makers,  they 
are  merely  devices  for  the  prevention  of  scale  in  the  boilers 
by  forming  the  scale  in  the  heaters  themselves,  which  means 
that,  in  place  of  cleaning  simply  the  boilers,  both  heaters  and 
boilers  have  to  be  cleaned.  Neither  type  of  heater  is  of  value 
for  the  removal  of  any  of  the  free  acids,  such  as  sulphuric  or 
of  such  substances  as  magnesium  chloride. 

Innumerable  other  mechanical  devices  have  been  tried  to 
overcome  this  trouble,  such  as  skimmers,  surface  blow-off 
valves,  etc.  Notwithstanding  all  these  contrivances,  the  scale 
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continued  to  form  on  the  plates  and  the  tubes  of  the  boilers. 
Another  method  is  to  apply  to  the  heater  water  in  the  boiler 
a  remedy  which  would  keep  the  scale  from  hardening. 

We  now  come  to  the  subject  of  boiler  compounds.  Mix¬ 
tures  known  as  boiler  compounds  have  been  used  for  years. 
The  chemistry  of  boiler  compounds  is  correct,  and  the  subject 
is  thoroughly  understood.  They  are  generally  composed  of 
soda  in  combination  with  some  organic  acid  such  as  tannic, 
acetic,  etc.  All  of  these  acids  are  said  to  corrode  the  metal 
and  to  be  positively  injurious  to  the  boiler. 

Almost  everything,  at  one  time  or  another,  has  been  put 
into  the  boiler  to  keep  the  scale  soft,  such  as  shavings,  oak 
bark  and  tea,  for  the  tannic  acid  they  contain ;  distillery  slops 
and  vinegar,  on  account  of  the  acetic  acid ;  potatoes  and  corn, 
for  their  starch ;  leather,  slippery  elm  and  manure,  for  their 
gelatinous  matter;  molasses  and  sugar,  because  of  the  sac- 
charates  of  lime  formed.  Innumerable  other  substances  have 
been  used,  without  judgment  or  reason,  as  for  instance  the 
following,  taken  from  the  patent  records :  Parched  ground 
coffee ;  extract  of  logwood ;  blood  meal  and  salt ;  all  thorough- 
lv  mixed  with  water  and  substantiallv  as  described,  and  for  the 
purpose  set  forth. 

From  the  chemical  standpoint,  the  most  efficient  com¬ 
pounds  are  tri-sodium  phosphate  and  fluoride  of  sodium.  With 
these,  when  the  water  is  heated,  both  the  carbonates  and  sul¬ 
phates  of  lime  and  magnesia  are  precipitated  as  phosphates  or 
fluorides,  which  do  not  harden  on  the  tubes  and  shell.  The 
principle  objection,  however,  is  the  cost  of  using  them  in 
quantities  sufficient  to  remove  enough  of  the  scale-forming 
matter  to  be  of  benefit.  They  are  expensive,  first,  because  the 
chemical  equivalent  of  these  compounds  makes  it  necessary  to 
use  one  lb.  of  tri-sodium  phosphate  to  precipitate  9/10  of  a 
pound  of  carbonate  of  lime,  or  .77  of  carbonate  of  magnesia. 
One  pound  of  flouricle  of  sodium  is  required  to  precipitate  1.19 
lbs.  of  lime  carbonates,  or  1.6  lbs.  of  lime  sulphates,  and  its 
cost  at  the  present  writing  is  about  two  and  a  half  times  that 
of  tri-sodium  phosphate.  There  is,  however,  not  the  same 
degree  of  economy  obtained  by  the  introduction  of  any  foreign 
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substances  into  the  boiler  which  can  be  obtained  by  the  use  of 
feed  water,  purified  before  entering  the  boilers,  because  coal, 
and  therefore  heat,  is  required  to  keep  the  temperature  of  this 
muddy,  insoluble  mass  of  combined  mud  and  scale  to  the  tem¬ 
perature  of  your  water.  Furthermore,  this  foreign  matter  ab¬ 
sorbs  an  astonishing  amount  of  heat.  It  is  for  this  reason 
that  sea  water  boils  at  a  higher  temperature  than  fresh  water, 
and  molasses  at  a  higher  temperature  than  either. 

A  remedy,  to  be  of  benefit,  must  be  applied  in  the  proper 
manner,  at  a  seasonable  time,  and  at  the  right  place.  Simply 
because  a  substance  will,  when  put  into  hard  water,  precipi¬ 
tate  lime  and  magnesia  is  no  reason  why  this  substance  should 
be  put  into  a  boiler.  Quite  the  contrary.  Heat,  without 
chemicals,  causes  precipitation  in  a  boiler,  and  that  is  just  the 
thing  which  is  not  desired.  A  steam  boiler  is  a  still  of  high 
efficiency,  and  not  a  chemical  retort. 

The  methods  described  above  for  the  purification  of  water, 
either  before  entering,  or  while  in  the  boiler,  have  proved  un¬ 
satisfactory  and  expensive,  and  are  at  best  only  partially  suc¬ 
cessful. 

We  now  come  to  the  question  of  water  softening  and  puri¬ 
fication  before  entering  the  heaters,  economizers  or  boilers. 
The  chemistry  of  the  subject  is  extremely  simple.  We  will 
first  consider  the  substances  available  for  this  purpose,  their 
efficiency  and  economy.  The  following  table  gives  the  quanti¬ 
ties  of  the  various  substances  required  to  precipitate  one 
pound  of  carbonate  of  lime  and  one  pound  of  sulphate  of  lime, 
and  the  cost  of  so  doing.  These  figures  are  based  on  the  pres¬ 
ent  market  price  of  the  chemicals. 


.56  lb.  lime  at  per  lb . 14c 

or  2.18  lb.  tri-sodium  phosphate  at  4c  lb .  8.72c 

or  .8  lb.  caustic  soda  at  3c  lb .  2.4  c 

or  3.15  lb.  barium  hydrate  at  3c  lb .  9.45c 

or  11.92  lb.  tannin  extract,  27%  at  2^c  lb .  32.78c 

or  2.28  lb.  sugar  at  5c  lb .  11.40c 


For  the  renewal  of  the  sulphates  and  chlorides  1  lb.  of 
sulphate  of  lime  requires  for  its  precipitation : 
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.85  lb.  soda  ash  at  ic  lb .  .85c 

or  1.53  lb.  barium  chloride  at  2c  lb .  3.06c 

or  8.76  lb.  tannin  extract,  27 %  at  2^c  lb .  24.09c 

or  1.68  lb.  sugar  at  5c  lb .  8.40c 

or  1.6  lb.  tri-sodium  phosphate  at  4c  lb .  6.40c 


An  examination  of  the  above  table  shows  conclusively 
that  lime  and  soda  ash  are  the  most  efficient  and  decidedly  the 
cheapest  chemicals  that  can  be  used  for  this  purpose. 

By  means,  then,  of  the  chemicals  selected  on  account  of 
their  low  cost,  the  small  amount  required  as  compared  with 
other  chemicals,  and  the  fact  that  after  the  chemical  reaction 
has  taken  place,  no  deleterious  substances  are  left  in  solution, 
this  stands  a  positive  fact  that  lime  and  soda  are  the  ideal  sub¬ 
stances  for  use  for  the  purification  of  all  ordinary  water  sup¬ 
plies,  so  as  to  render  them  fit  for  boiler  use  and  to  prevent  the 
accumulation  of  scale  in  heaters  and  boilers. 

If  it  is  desired  to  remove  the  lime,  magnesia  or  iron  from 
the  water,  the  first  step  is  to  find  a  way  to  convert  them  into 
an  insoluble  condition.  These  mineral  impurities  are  held  in 
solution  by  the  acids  combined  with  them,  such  as  carbonic, 
sulphuric,  and  hydrochloric.  Carbonates  of  lime,  magnesia, 
and  iron  can  be  made  insoluble  by  removing  from  the  water 
the  free  or  loosely  combined  carbonic  acid,  by  means  of  caus¬ 
tic  lime  (Clarke  process),  and  the  sulphates  and  chlorides  of 
lime  and  magnesia  by  the  use  of  carbonate  of  soda  (soda  ash), 
because  the  sulphuric  acid  or  hydrochloric  acid  has  a  stronger 
affinity  for  soda  than  for  the  weaker  bases.  By  the  addition, 
therefore,  of  these  two  reagents,  in  the  proper  proportions,  to 
the  hard  water,  a  chemical  reaction  takes  place  followed  by  the 
precipitation  of  the  lime,  magnesia,  and  iron.  In  a  properly 
constructed  apparatus  these  impurities  can  be  removed  from 
the  water,  and  at  the  same  time  the  mud  and  bacteria  are  me¬ 
chanically  removed,  and  the  organic  matter  materially  re¬ 
duced. 

When  waters  contain  only  a  small  amount  of  free  acid, 
the  treatment  used  is  the  lime  and  soda  ash,  the  same  as  in 
other  cases;  but  when  the  waters  run  high  in  sulphuric  acid 
(as  for  instance  the  Yough  River,  or  mine  waters),  we  employ 
another  treatment,  using  Witherite  for  the  removal  of  the 
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acid;  and  whatever  sulphates  will  combine  with  it,  are  precipi¬ 
tated.  The  disadvantage,  however,  in  using  this  substance  is 
that  it  is  insoluble,  and  this  makes  its  use,  in  anything  but  an 
intermittent  system,  practically  impossible. 

T  he  softening  and  purification  of  water  is  an  exact  pro¬ 
cess,  because  an  exact  amount  of  chemicals  is  used  to  remove 
a  known  quantity  and  character  of  the  impurities  which  the 
water  contains.  The  following  is  a  table  showing  the  amount 
of  impurities  removed  from  water  by  the  chemicals  usually 
used : 


1  lb. 

Caustic  Lime 

Price 

Calcium  Magnesium 

98%  Ca.O. 

per  lb. 

Carbonate.  Carbonate. 

Caustic  lime,  98% 

Ca.O .  1/4  to  1/3 

1.78  150 

Soda  ash . 

. 88  to  1. 15 

Calcium 

Magnesium 

Sulphate. 

Sulphate. 

Caustic  lime,  98% 

Ca.O . 

Soda  ash . 

.  1.28 

1. 15 

Calcium 

Magnesium 

Chloride. 

Chloride. 

Caustic  lime,  98% 

Ca.O . 

Soda  ash . 

.  1.04 

.90 

It  might  be 

interesting,  at  this  point,  to  give  some  idea 

of  foreign  matter  brought  by  a  water  into  a  steam  boiler,  and 
to  one  who  has  never  figured  this  out  the  amount  is  astonish¬ 


ing.  Take,  for  instance,  a  500  H.  P.  plant  evaporating  30  lbs. 
of  water  per  horse  power,  or  15,000  lbs.  per  hour,  equal  to 
about  18,000  gallons  per  day. 


Grs.  per 

U.  S.  Gal. 

1  Day. 

30  Days. 

365  Days 

7 

18  lb. 

540  lb. 

3.285  T 

14 

36  lb. 

1080  lb. 

6-57  T 

21 

54  lb. 

1620  lb. 

9.855  T 

28 

72  lb. 

2160  lb. 

I3U  T 

There  is  some  objection  to  the  use  of  soda  ash  directly 
in  the  boilers,  because  it  has  a  tendency  to  make  the  water 
foam ;  but  there  is  a  great  difference  between  using  soda  ash 
in  a  softening  plant  and  using  it  directly  in  the  boilers.  In  a 
properly  designed  water  purifying  plant  the  carbonic  acid  is 
all  absorbed  first,  and  the  soda  ash  does  not  go  into  the  boilers 
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as  a  carbonate  or  bicarbonate,  but  always  as  a  sulphate  or 
chloride,  having  decomposed  the  sulphate  or  chloride  of 
lime  and  magnesia.  Under  certain  conditions  the  same 
results  take  place  in  boilers.  For  instance,  if  a  raw  water 
contains  no  carbonic  acid,  or  carbonates,  and  if  the  soda 
ash  is  used  directly  in  the  boiler,  a  decomposition  takes  place 
at  once,  and  the  soda  unites  with  the  sulphuric  and  hydrochlo¬ 
ric  acid,  and  the  carbonic  acid  of  the  sodium  carbonic  unite 
with  the  calcium  and  magnesia,  precipitating  them  as  sludge. 
Xo  foaming  due  to  sodium  carbonate  takes  place  under  these 
conditions.  But  if  raw  feed  water  does  contain  carbonic  acid 
or  carbonates,  and  the  sodium  carbonate  is  used  directly  in  the 
boilers,  then  it  first  absorbs  the  free  carbonic  acid,  which  holds 
the  carbonates  in  solution,  and  becomes  a  bicarbonate  of  soda. 
Heat  drives  this  extra  carbonic  acid  off,  and  it  is  this  decom¬ 
position  of  bicarbonate  of  soda  which  is  one  of  the  causes  of 
foaming.  This  is  aggravated  if  there  is  any  grease  or  oil 
carried  over  from  the  feed  water  heaters  to  the  boilers. 

The  concentration  of  sodium  salts,  other  than  carbonates,  * 
will  foam,  but  there  is  no  good  reason  why  there  should  be  a 
concentrated  solution  when  there  is  a  good  blow-off  cock  on 
the  boilers,  and  an  intelligent  engineer  to  use  it.  There  are 
other  causes  of  foaming,  such  as  organic  matter  when  surface 
water  is  used  for  feeding  boilers. 

Sodium  and  potassium  cannot  be  extracted  from  water 
by  chemical  means,  although  it  is  sometimes  claimed  by  eager 
salesmen  that  all  potassium  and  sodium  salts  can  be  removed 
or  precipitated  from  a  raw  water  by  their  apparatus,  or  by  the 
chemical  reagents  used  by  them.  It  is  absolutely  impossible 
to  remove  from  water,  by  sedimentation  or  filtration,  any  im¬ 
purities,  unless  they  can  first  be  converted  into  a  state  of 
suspension,  either  by  heat  or  chemical  treatment.  All  sodium 
and  potassium  salts,  whether  sulphate,  chloride  nitrate,  carbonic, 
phosphate,  or  fluoride,  etc.,  are  soluble  in  water  under  the  tempera¬ 
tures  in  steam  boilers.  None  of  these  can  be  precipitated,  either  bv 
heat  or  chemical  treatment,  and  therefore  none  can  be  removed  in 
any  type  of  water  softening  and  purifying  apparatus. 
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There  is  but  one  method,  and  that  is  distillation  ;  but  that 
is  what  a  steam  boiler  does  when  it  makes  steam.  It  is  true 
that  alkaline  salts  can  be  decomposed  by  chemical  treatment; 
but  no  benefit  is  derived,  as  the  alkaline  base  merely  changes 
its  acid  radical  to  a  new  salt,  which  is  still  soluble  in  water. 

The  process  of  softening  and  purifying  water  is  based 
upon  the  exact  quantity  and  chemical  character  of  the  impuri¬ 
ties  in  the  water.  It  is  a  method  based  upon  an  accurate 
chemical  knowledge,  and  does  not  require  the  imagination  of 
anjr  man  to  prove  its  efficiency. 

The  Porter-Clarke  process  of  precipitating  carbonates  of 
lime  and  magnesia  by  means  of  caustic  lime,  and  the  sulphates 
and  chlorides  of  lime  and  magnesia  by  the  soda  ash  treatment, 
makes  it  possible  to  get  a  clear  feed  water  low  enough  in 
scale  forming  substances  to  fulfill  all  requirements.  True 
water  softening  is  an  exact  process.  By  this  is  meant  that  the 
exact  amount,  of  lime  must  be  put  into  the  water  to  remove 
all  the  carbonates  of  lime  and  magnesia  present,  and  the  exact 
amount  of  soda  ash  to  decompose  all  the  sulphates  and  chlo¬ 
rides  of  lime  and  magnesia,  no  more  and  no  less.  If  it  is  de¬ 
sired  to  run  at  the  lowest  cost  of  operation  the  apparatus 
must  be  so  simple  that  any  man,  who  has  no  knowledge  of 
chemistry,  can  operate  it,  and  of  whom  nothing  but  the  me¬ 
chanical  work  is  required.  The  apparatus  designed  to  ac¬ 
complish  this  may  be  divided  into  two  classes:  the  intermittent, 
or  settling  tank  system ;  and  the  continuous  system.  The 
apparatus  designed  for  the  continuous  process  consists 
usually  of  a  settling  tank,  wherein  the  water,  after  the  addition 
of  the  solutions  of  lime  and  soda,  is  made  to  flow  through 
separate  spaces  between  series  of  intercepting  plates,  in  order 
to  efifect  the  mixture  of  these  reagents  with  the  water.  It  is 
then  passed  to  the  bottom  of  the  tank  through  a  pipe  and  finally 
rises  again  nearly  to  the  top,  where  it  overflows  in  a  contin¬ 
uous  stream.  These  conditions  are  varied  in  every  possible 
shape  and  manner,  and  give  rise  to  the  different  systems. 

A  properlv  designed  continuous  system  is  one  in  which 
the  lime  is  fed  into  it  as  a  saturated  solution  proportional  to 
the  flow  of  water;  the  lime  treatment  completed  before  the 
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soda  ash  is  introduced  so  that  it  can  be  determined  whether 
the  lime  treatment  is  correct  or  not;  the  soda  then  introduced 
in  proper  amount;  thorough  mixing  of  water  with  chemicals, 
either  mechanically  or  otherwise.  The  water  should  then  be 
given  ample  time  for  settling  and  clarification  and  finally  passed 
through  a  properly  designed  filter  for  removal  of  the  light 
floating  matter. 

This  system  can  be  used  with  good  results  under  the  fol¬ 
lowing  conditions :  First,  Where  the  quantity  of  water  re¬ 
quired  is  uniform,  or  where  a  clear  well  is  used  to  take  care 
of  the  variations  in  the  amount  of  water  needed.  Second, 
Where  the  water  is  uniform  in  character.  Third,  Where 
small  floor  space  is  available.  Fourth,  Where  it  is  impossi¬ 
ble  to  obtain  sufficient  water  to  furnish  the  quantity  of  water 
required  by  an  intermittent  system  in  a  limited  period  of  time. 
Fifth.  Where  very  large  quantities  of  water  are  required,  the 
continuous  system  is  the  best  on  account  of  the  reduced  floor 
space  required,  and  because  the  system  is  large  enough  to 
warrant  the  attention  of  a  competent  man. 

The  intermittent  system  consists  of  two  or  more  settling 
tanks,  provided  with  mechanical  stirring  devices,  in  order  to 
thoroughly  mix  the  lime  and  soda  with  the  water  in  one  tank, 
after  which  the  water  is  allowed  to  settle  while  the  water  in 

i 

the  other  is  being  treated  or  drawn  from  it. 

In  this  system  the  water  can  be  softened  and  purified  with 
accuracy  and  uniformity. 

The  principal  objection  to  this  system  is  the  ground  room 
it  occupies,  and  the  quantity  of  water  which  must  be  supplied 
to  it  in  a  comparatively  short  time,  to  allow  for  treatment  and 
settling.  The  necessity  for  using  very  large  tanks  has  in  a 
measure  been  overcome  by  using  a  filter  to  mechanically  re¬ 
move  the  floating  sludge  which  does  not  completely  settle  in 
the  time  allowed  in  the  tanks.  This  plan  is  not  in  any  sense 
an  obsolete  one,  for  plants-  are  being  installed  at  the  present 
time  in  this  country  among  the  largest  manufacturing  con¬ 
cerns.  To  some  the  settling  tank  plan  may  seem  crude  in 
comparison  with  the  more  elaborate  plants  working  upon  the 
continuous  process. 
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Among  the  many  advantages  of  the  intermittent  settling 
tank  system  are : 

First.  The  absence  of  automatic  chemical  feeds. 

Second.  It  can  be  operated  by  the  engineer  or  his  assist¬ 
ant  without  interfering  with  their  regular  work. 

Third.  A  constant  quantity  of  raw  water  is  collected  to 
be  treated  with  a  uniform  amount  of  chemical  reagents.  With 
this  plant  an  excess  or  insufficiency  of  chemicals  is  avoided 
and  therefore  a  uniform  character  of  the  purified  water  is  fur¬ 
nished.  While  the  simplicity  of  the  apparatus  enables  an  un¬ 
skilled  workman  to  obtain  as  good  results  from  it  as  an  expert 
chemist. 

Fourth.  The  chemical  stirring  results  in  the  agitation  of 
the  raw  water  with  the  chemicals,  and  thus  insures  an  intimate 
mixture  and  very  materially  hastens  and  soon  completes  the 
chemical  reaction. 

Fifth.  The  sludge  of  previous  purification,  which  has 
settled  to  the  bottom  of  the  tanks,  is  mixed  with  the  water  by 
the  action  of  the  mechanical  stirring  devices.  This  insoluble 
matter  moving  in  the  water  gathers  together  with  the  new 
finely  divided  precipitate  of  lime  and  magnesia  aids  chemical 
reaction,  and  assists  the  chemicals  in  clarifying  the  water. 

Sixth.  The  sludge  collected  in  the  settling  tanks  relieves 
the  filter  bed  so  that  the  filter  can  be  run  from  five  to  six  times 
as  long  without  cleaning  as  would  be  the  case  were  the  sludge 
all  intercepted  bv  the  filters. 

Seventh.  Inasmuch  as  the  settling  tanks  do  not  usually 
require  washing  or  emptying  oftener  than  once  a  week,  the 
amount  of  wash  water  required  is  a  very  small  percentage  of 
the  total  amount  purified. 

Eighth.  The  water  can  stand  for  some  time  in  order  to 
get  complete  chemical  reaction  between  the  soluble  impurities 
of  the  water  and  the  chemicals  added.  Every  chemist  under¬ 
stands  that  no  chemical  reaction  is  instantaneous.  If  the  lime 
and  magnesia  are  not  completely  removed  in  the  purifving 
apparatus,  they  are  sure  to  precipitate  in  the  piping,  heaters 
and  boilers. 
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Ninth.  The  perfect  quiet  of  the  water  gives  an  opportun¬ 
ity  for  complete  settling  and  renders  unfiltered  water  clearer 
than  that  from  any  other  apparatus  not  using  filters  or  from 
exhaust  steam  heaters  in  which  crude  filters  are  employed. 

Tenth.  The  operation  of  this  apparatus  is  the  method 
followed  by  the  chemist  in  the  laboratory,  but  on  a  larger 
scale,  and  with  minor  modifications  to  suit  the  conditions. 

Eleventh.  The  arrangement  of  two  settling  tanks  permits 
an  accurate  daily  record  to  be  kept  of  the  amount  of  water 
evaporated  in  the  boilers.  This  feature  will  be  appreciated 
by  careful  managers  of  large  steam  plants  who  have  a  regard 
for  a  coal  pile. 

Two  tanks  are  usually  used.  These  tanks  are  filled  alter¬ 
nately.  The  chemical  reagents  are  mixed  in  a  small  tank 
placed  upon  the  top  of  the  settling  tan-ks,  and  are  washed  into 
the  water  while  the  tank  is  filling.  The  mechanical  stirring 
devices,  which  consist  of  paddles  revolved  by  suitable  gearing 
and  operated  by  power,  mix  the  hard  water  and  the  reagents 
together,  at  the  same  time,  stirring  up  the  sludge  of  previous 
purification  from  the  bottom.  This  floats  in  the  water  and 
hastens  the  chemical  reaction,  and  causes  the  new  finely  divid- 
ed  precipitate  to  gather  into  large  floculent  or  woolly  flakes, 
enabling  it  to  settle  quickly  as  soon  as  the  water  stops  moving. 

The  paddle-stirring  device  is  the  simplest  and  cheapest  on 
the  market.  With  reasonable  care  it  cannot  get  out  of  order. 
It  does  not  have  to  be  cleaned  to  be  kept  in  working  order. 
Steam  has  been  tried  and  finally  abandoned,  on  account  of  the 
quantity  required.  Air,  in  most  waters,  will  not  do,  for  it  is 
almost  impossible  to  find  air  which  does  not  contain  some  car¬ 
bonic  acid.  This  is  just  what  is  to  be  removed  by  the  lime 
treatment,  and  the  success  of  any  purifying  plant  depends  on 
the  successful  removal  of  the  free  or  loosely  combined  car¬ 
bonic  acid,  or  in  other  words*  on  a  proper  treatment  with  lime. 
There  is  also  a  tendency  of  throwing  back  into  solutions  some 
of  the  carbonates,  due  to  the  dissolved  carbonic  acid  from  the 
air  used  for  stirring. 
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The  paddle-stirring  device  can  be  driven  by  a  small  en¬ 
gine,  and  only  in  extremely  large  plants  does  it  require  over 
three  horse  power. 

The  softened  water  is  taken  out  of  the  tank  by  means  of 
a  hinged  floating  outlet  pipe,  arranged  to  rise  and  fall  with  the 
level  of  the  water,  so  that  the  clearest  water  is  drawn  from 
the  top  of  the  tank.  This  method  is  preferable,  because  the 
water  from  the  top  carries  the  least  amount  of  floating  lime 
sludge  into  the  filter  beds ;  and  in  this  way  the  filters  can  be 
run  the  longest  possible  time  without  having  to  be  cleaned, 
the  time  varying  from  five  to  fourteen  days.  Naturally,  the 
connections  for  filling  the  tanks,  and  also  to  wash  out  the 
sludge,  are  placed  in  the  bottom.  The  washing  of  the  settling 
tanks  is  necessary  only  when  the  sludge  collects  to  so  large  an 
amount  as  to  interfere  with  the  stirring  device.  A  pressure 
filter  can  be  used  in  connection  with  these  plants,  the  water 
flowing  from  the  treating  tanks  to  the  boiler  feed  pumps,  and 
then  being  pumped  through  the  filter  into  the  heater  and  on 
into  the  boilers.  Or,  if  an  open  heater  is  used,  the  water  from 
the  treating  tanks  flows  into  the  heater  and  is  pumped  from 
the  heater  through  the  filter  into  the  boilers.  The  water  thus 
purified  will  not  foam,  provided  the  blow-off  cock  is  used 
properly  to  prevent  the  concentration  of  those  impurities 
which  cannot  be  removed  by  any  purifying  system  or  appar¬ 
atus. 

The  above  process  will  render  the  most  turbid  waters 
clear,  because  the  large  amount  of  sediment  contained  in  some 
waters  (which  is  found  so  hard  to  filter  by  the  ordinary  con¬ 
tinuous  process  plant)  is,  in  this  apparatus,  the  means  by 
which  the  water  is  clarified.  That  is,  the  mud  or  sludge  as¬ 
sists  precipitation,  and  helps  to  remove  that  of  the  new  raw 
water  which  at  the  same  time  does  not  deposit  on  the  filter 
bed,  and  thus  necessitate  frequent  cleaning.  Properly  soften¬ 
ed  and  purified  water  will  not  only  prevent  the  formation  of 
new  scale,  but  will  bring  about  the  removal  of  the  old  scale, 
based  on  the  fact  that  the  impurities  in  the  water  which  form 
scale,  because  of  heat,  by  the  continual  evaporation  of  the 
water  reaches  a  point  where  it  can  no  longer  hold  more 
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foreign  matter  in  solution.  Therefore,  the  unequal  expansion 
of  the  metal,  and  the  non-conducting  scale  kept  cool  by  the 
purified  water,  tends  to  loosen  and  crack  off  the  old  scale.  The 
latter  then  floats  through  the  tubes  and  shell  (there  being  no 
new  deposit  of  lime  and  magnesia  to  further  cement  it),  at 
least  that  has  been  the  result  in  the  different  places  where  we 
have  installed  water  purifying  plants.  Of  course,  the  removal 
of  this  old  scale,  when  using  only  purified  water  for  this  pur¬ 
pose,  requires  longer  time,  but  it  is  accomplished  with  less 
danger  to  the  boiler,  because  no  inquiry  can  come  to  the  metal 
from  the  water  thus  purified.  There  is  also  no  danger  of 
burning  the  sheets  by  the  accumulation  qf  scale,  which  would 
result  from  the  introduction  of  some  acids  or  other  material 
into  the  water. 

The  removal  of  scale  necessitates  frequent  shut-downs, 
the  cost  of  labor  and  the  expense  of  repairs,  aside  from  the  loss 
of  energy  of  fuel,  due  to  the  non-conducting  property  of  scale. 
This  depends  somewhat,  of  course,  upon  the  chemical  com¬ 
position  of  the  scale. 

All  sorts  of  tables,  and  some  of  them  from  good  authority, 
are  circulated  by  manufacturers  of  so-called  scale  preventa- 
tives ;  and  while  they  are  probably  very  much  exaggerated, 
and  possibly  unreliable  still  it  has  been  proved,  by  practical  ex¬ 
periments,  that  metal  covered  by  non-conducting  material 
must  be  heated  to  a  much  higher  temperature  in  order  to  boil 
water  contained  therein,  than  if  the  metal  is  clean. 

There  can,  therefore,  be  no  possible  doubt  that  a  scaled 
boiler  requires  the  use  of  more  heat  to  generate  a  given  amount 
of  steam  than  one  which  is  clean.  Of  course,  the  results  vary 
with  the  different  types  of  boilers,  and  to  such  an  extent  that 
no  accurate  table  can  be  prepared  to  prove  the  exact  amount 
of  additional  fuel  necessary  for  the  generation  of  a  pound  of 
steam  under  these  varying  conditions. 

The  purification  of  water  before  entering  the  boiler  results 
in  a  saving  in  the  following  ways : 

First.  It  saves  the  labor  of  cleaning  the  boilers  and  heat¬ 
ers,  piping,  etc.  Saves  the  cost  of  repairs  and  saves  fuel.  In 
the  latter  instance  the  reasons  are  evident. 
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Second.  The  heater  is  kept  clean  and  the  feed  water  can 
be  raised  to  a  higher  temperature. 

Third.  Coal  is  not  used  to  heat  the  impurities  in  the 
\vater  or  the  quantity  of  compound  which  you  put  in  to  pre¬ 
vent  scale  formation. 

Fourth.  The  heat  is  all  used  in  the  boilers  to  make  steam 
and  make  it  quickly  and  well  from  the  purified  water. 

Fifth.  Purified  water  keeps  the  metal  of  the  boiler  free 
from  scale  and  loosens  up  the  old  scale  in  parts  inaccessible 
to  the  man  who  enters  to  clean  the  boiler,  and  a  higher  degree 
of  evaporation  is  possible  than  through  any  other  means. 

Sixth.  Purifying  the  water  is  the  only  way  which  admits 
of  getting  full  benefit  of  the  high  evaporating  power  in 
water  tube  boilers  and  furnaces  in  which  water  tubes  are  used 
for  grate  bars,  because  there  is  no  danger  of  the  tubes  becom¬ 
ing  filled  with  scale  and  then  burning  off  or  leaking. 

Let  us  see  what  it  looks  like  in  dollars  and  cents  for  a 
vear’s  run.  The  following  statement  was 'taken  from  the 
books  of  a  manufacturing  establishment  having  a  2,000  H.  P. 
plant,  for  one  year  preceding;  also  for  the  second  year  after 
the  installation  of  a  water  softening  system.  Unfortunately, 
no  record  of  the  fuel  saved  could  be  obtained,  as  it  was  not 
considered  of  sufficient  importance  by  these  people,  on  account 
of  the  coal  being  taken  from  their  own  mine.  T  have,  however, 
assumed  that  it  will  require  one  ton  of  coal  for  heating  a  cold 
boiler  to  steam  and  the  evaporation  increased  from  10  lbs.  of 
water  per  horse  power  per  hour,  per  pound  of  coal  to  10. 1 
lbs. 


Cost  of  Operation  without  Water-Softening  Plant. 


Cleaning  8  250  H.  P.  boilers,  each  once  in  two 

weeks,  208  cleanings  per  year,  at  $20 .  $  4,160.00 

208  tons  coal,  at  $1.00  per  ton,  to  get  steam  on 

boilers  cooled  by  cleaning .  208.00 

Yearly  extra  repairs  on  eight  boilers  due  to  bad 

water .  150.00 

Boiler  compound  for  8  boilers,  per  year .  300.00 

-  $4,818.00 
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Cost  of  Operating  with  Water-Softening  Plant. 


Yearly  cost  of  chemical  reagents  to  treat  60,000 

lbs.  of  water  per  hour,  at  % c  per  1,000  gals.  .  $  551.88 


Yearly  interest  8%  and  depreciation  10%  on 

$4,500 .  720.00 

Yearly  labor  of  operating  plant,  at  $1.00  per  day.  365.00 
Washing  8  250  H.  P.  boilers,  each  once  every  3 

months,  or  32  washings  per  year,  at  $8 .  256.00 

32  tons  coal  at  $1.00  per  ton,  to  get  steam  on 

boilers  cooled  by  washing .  32.00 


Saving  by  using  softened  water  about  63%  on 
$4,500 . 


$1,924.88 

2,893.08 


2,000  H.  P.  boilers  evaporate  60,000  lbs.  of  water 
per  hour,  or  1,440,000  gallons  of  water  per  24 
hours.  Evaporation  without  prifier  at  10  to  1 
equals  144,000  gallons;  72  tons  of  coal  per  24 

hours,  at  $1.00  per  ton,  a  yearly  cost  of .  26,285.00 

If  evaporation  were  increased  to  10. 10  lbs.  of 
water  per  pound  of  coal  due  to  having  boilers 
free  from  scale  1,440,000  lbs.  of  water  should 
be  evaporated  each  24  hours  with  71.28  tons 


of  coal  at  $1.00  per  ton,  a  yearly  cost  of .  26,017.20 

-  $  267.80 

Estimated  saving  over  70%  on  $4,500  investment.  3,160.88 


We  find  from  our  records,  taken  from  over  300  plants, 
that  the  saving  due  to  the  use  of  a  purifying  system  varies 
from  25$  to  150$  on  the  investment,  depending  on  the  quality 
of  the  water  supply  and  other  conditions;  the  average  being 
about  50$.  So  it  is  evident  that  it  would  be  hard  to  find  a 
better  investment  or  one  productive  of  better  results  along 
the  lines  of  economy  and  safety. 

I  thank  you  for  your  kind  attention. 


discussion. 

Chairman — Some  time  ago  Mr.  Handy  read  a  paper  before 
the  regular  meeting  of  the  Engineers'  Society.  Unfortunately  the 
time  for  discussion  was  very  short,  but  I  see  Mr.  Handy  is  here 
to-night ;  perhaps  he  could  say  something  in  the  way  of  water 
softening  to  us. 

Mr.  Handy — Mr.  Chairman,  the  subject  of  water  softening 
is  one  that  has  interested  me  very  much  for  a  considerable  period. 
I  have  been  very  much  interested  to-night  in  Mr.  Greth’s  paper, 
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and  1  hope  it  is  fully  appreciated,  because  I  have  found  that  the 
preparation  of  a  paper  of  this  kind  involves  a  great  deal  of  hard 
labor. 

I  can  add  several  instances  of  material  saving  by  water  soften¬ 
ing  to  the  one  given  in  Mr.  Greth’s  paper,  and  I  think  the  one 
cited  is  by  no  means  exceptional.  The  only  wonder  is  that,  as 
those  cases  are  becoming  more  and  more  known,  the  progress  of 
water  softening  is  not  more  rapid  than  it  is.  I  have  one  case  in 
mind,  that  of  an  ice  factory  in  Chicago,  where  they  had  nine  one 
hundred  horse  power  boilers  and  used  Lake  Michigan  water, 
which  is  not  any  harder  than  the  Monongahela  river  water  used 
by  so  many  plants  in  this  vicinity.  In  the  course  of  a  year  by  the 
use  of  a  softening  plant  they  saved  $780.00  on  cost  of  cleaning 
boilers,  because  the  necessity  for  cleaning  was  so  much  reduced, 
and  there  was  no  scale  to  be  removed.  They  saved  also  fifteen 
per  cent,  of  the  annual  fuel  bill,  which  had  amounted  to  over 
twenty  thousand  dollars.  The  investment  for  the  softening  plant 
was  $4,900.  The  saving  on  fuel  and  boiler  cleaning  alone  paid 
for  the  plant  in  one  year.  After  that  the  softening  plant  was  a 
steady  dividend  producer.  The  coal  saving  was  certified  to  by 
an  audit  company.  While  large  savings  come  from  the  installa¬ 
tion  of  the  softening  plants,  any  move  in  the  direction  of  soften¬ 
ing  is  sure  to  be  accompanied  bv  some  saving. 

A  few  years  ago  it  was  quite  the  fashion  among  railroads  to 
use  soda  ash  as  a  means  of  purifying  the  water  in  the  locomotive 
boilers.  The  soda  ash  was  put  in  the  tank  with  the  water,  in 
amount  roughly  proportional  to  the  water  that  was  to  be  used  on 
the  trip.  Crude  as  that  was,  it  kept  the  scale  from  accumulating 
to  a  considerable  extent.  The  C.,  M.  &  St.  P.  Ry.  was,  perhaps, 
the  principal  advocate  of  that  method  of  preparing  water.  It 
was  reported  that  they  saved  $75,000  per  year  on  boiler  repairs, 
just  by  the  use  of  soda  ash.  The  Union  Pacific  Railroad  made 
quite  extensive  experiments  with  tri-sodium  phosphate  in  much 
the  same  manner,  and  while  the  improvement  in  service  was  great 
in  many  ways,  the  cost  of  the  chemical  was  so  much  higher  than 
soda  ash  that  they  were  not  able  to  continue  the  treatment. 
There  are  over  275  softening  plants  in  the  United  States,  purify¬ 
ing  about  70,000,000  gallons  of  water  per  day.  The  users  include 
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railroads,  iron  and  steel  works,  iron  foundries,  electric  light  plants, 
street  railways,  etc. 

A  very  good  instance  of  saving  by  softening  of  water  not 
harder  than  that  of  Lake  Michigan  is  as  follows :  The  Nichols 
Chemical  Company  of  New  York  in  one  year  obtained  the  follow¬ 
ing  benefits :  2,500  horse  power  plant ;  fuel  saving,  20$ ;  labor 

saving,  25$ ;  boiler  repairs  reduced,  7 5$.  They  were  able  to  get 
along  with  about  two-thirds  to  three-fourths  the  number  of  boilers 
which  was  necessary  before.  The  chemical  cost  was  only  $2.46 
per  day,  and  the  time  of  the  man  attending  to  the  machine 
amounted  to  about  two  hours  daily. 

Mr.  Greth  has  given  some  points  of  differences  between  the 
continuous  and  the  intermittent  systems  of  water  softening,  and 
it  might  be  well  to  take  up  that  feature  for  a  moment,  because 
there  is  really  no  question  as  to  the  benefit  of  water  softening,  and 
the  only  question  is  as  to  the  means  you  shall  use  when  you  come 
to  the  point  of  deciding  on  the  method  of  softening.  As  far  as 
the  matter  of  price  goes,  the  intermittent  systems  outlined  cost 
him  three-fourths  to  four-fifths  as  much  as  the  continuous  type. 
Then  the  consideration  of  the  engineering  features  comes  in.  Com¬ 
paring  results  on  waters  of  similar  character,  we  find  good  work 
done  by  both  types  of  machine.  I  have  a  table  of  analyses  which 
I  will  not  read  to  you,  because  the  figures  are  not  very  intelligible 
when  read. 

1.  The  continuous  plants  reduce  the  lime  to  as  low  a  figure 
as  do  the  intermittent  types. 

2.  Comparative  output  of  plants.  They  have  a  We  Fu  Go 
plant  at  Lorain,  O.,  consisting  of  four  one  hundred  thousand 
gallon  tanks.  The  output  is  50,000  gallons  of  softened  water  per 
hour.  The  ground  space  is  3,200  square  feet,  approximately. 
The  tank  capacity  of  the  Kennictt  (continuous)  softening  plant  at 
McKees  Rocks,  for  an  output  of  60,000  gallons  per  hour  is  ap¬ 
proximately  250,000  gallons,  and  the  ground  space  that  is  required 
is  about  one-fourth  of  that  needed  by  the  We  Fu  Go  plant. 

It  will  be  noticed  that  while  the  We  Fu  Go  plant  occupied 
about  four  times  the  area,  yet  its  output  was  just  half  that  of  the 
Kennictt.  The  ratio  of  the  tank  capacity  to  hourly  output  in  the 
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•  Clark  process  is  29  to  1,  in  the  intermittent  8  to  1,  and  in  the 
modern  continuous  system  4  to  1. 

3.  Repair  and  operation,  taking  for  comparison  again,  the 
Lorain  plant  and  the  McKees  Rocks  plant.  At  the  Lorain  plant 
there  is  the  work  required  to  run  the  engines,  etc.  Twenty-four 
large  valves  have  to  be  opened  and  closed  daily ;  24  batches  of 
chemicals  to  prepare ;  excess  sludge  to  be  removed  from  four 
tanks ;  two  filters  to  clean.  McKees  Rocks  plant :  Boy  required 
to  take  care  of  plant ;  no  engine  or  shafting ;  one  valve  is  opened 
four  times  a  day  to  remove  the  lime ;  four  batches  of  chemicals. 

4.  Pozver  for  operation.  Lorain:  Engine  required  ;  to  run 
sturer  and  rakes  in  four  thirty-foot  tanks,  and  two  sixteen-foot 
filters.  McKees  Rocks :  All  work  is  done  by  the  power  of  the 
water  entering  the  softening  plant ;  the  use  of  the  water  for  power 
makes  the  plant  independent  of  outside  steam  power.  This  is  a 

.  weakness  of  We  Fu  Go  plant. 

5.  Durability  and  maintenance.  In  most  cases  the  intermit¬ 
tent  plants  are  of  wooden  construction,  while  the  continuous  ones 
are  of  steel ;  the  depreciation  of  steel  plants  would  be  next  to 
nothing. 

6.  The  chemical  regulation  of  intermittent  plants  is  usually 
checked  by  what  I  consider  very  imperfect  chemical  tests. 

Summary :  Comparing  continuous  and  intermittent  soften¬ 
ing  plants  properly  designed  and  well  taken  care  of,  it  requires  a 
larger  plant  and  involves  greater  expense  for  the  intermittent  sys¬ 
tem  Competent  supervision  is  required  for  both  kinds  of 
softeners. 

Chairman — Those  two  instances  are  somewhat  of  a  guide. 
Now  perhaps  it  could  be  brought  down  to  a  statement.  Say  it 
required  so  many  feet  per  hundred  horse  power,  or  something  like 
that,  and  this  would  enable  the  manufacturer  to  determine  whether 
he  should  have  either  continuous  or  intermittent  system ;  whether 
he  would  have  room,  etc. 

Mr.  Gretii — A  comparison  of  the  Lorain  steel  plant  with  a 
plant  which  is  being  turned  out  now  is  not  altogether  fair.  The 
Lorain  Company’s  plant  is  designed  on  an  eight-hour  basis,  and 
very  few  modern  intermittent  systems  are  designed  on  that  basis. 
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Mr.  Handy — But  the  ratio  of  the  capacity  of  the  two  sys¬ 
tems  is  about  as  four  to  one.  The  changes  we  have  in  the  waters 
of  the  local  rivers,  and  which  we  have  to  take  care  of  in  the  inter¬ 
mittent  systems  by  frequent  tests,  would  indicate  that  similar  tests 
are  necessary  in  the  continuous  system,  and  I  would  like  to  know 
what  those  tests  are.  In  regard  to  the  fact  that  the  steel  tanks 
have  a  longer  life  than  the  wooden,  I  also  would  like  to  have  some 
information.  In  several  places  where  these  have  been  put  in  it 
was  found  that  the  steel  tanks  did  not  have  a  very  long  life  and 
gave  considerable  trouble.  We  have  had  one  or  two  plants  of 
the  intermittent  type  in  operation,  and  one  that  has  a  continuous 
system.  It  has  given  very  good  satisfaction,  especially  in  the  care 
of  the  boilers  and  the  repairs. 

In  regard  to  the  tests  that  are  made  in  controlling  the 
continuous  plants,  I  suppose  there  is  no  good  reason  why 
they  should  not  be  used  in  the  intermittent  systems  as  well,  but 
they  are  not.  The  soap  test  and  the  hardness  test  are  about  the 
only  ones  that  are  carried  out  by  the  men  at  the  plant.  The  soap 
test  gives  the  total  hardness  of  the  water,  which  is  a  means  of 
recognizing  any  change  which  takes  place  in  the  treatment  of  the 
water. 

As  to  the  matter  of  durability  of  steel  tanks,  when  they  are 
full  of  an  alkaline  liquid,  such  as  they  would  be  in  water  soften¬ 
ing,  it  seems  to  me  there  should  be  no  question  of  that.  The  parts 
above  the  water,  if  they  are  alternately  exposed  to  water  and  air, 
would  be  corroded.  If  the  gentleman  knows  of  a  case  where,  in 
spite  of  being  continuously  immersed  in  alkaline  water,  the  steel 
does  corrode,  it  certainly  will  have  to  be  investigated. 

Mr.  Greth — We  have  been  using,  for  sometime,  both  steel 
and  wood  construction,  both  in  the  intermittent  and  continuous 
systems,  and  we  find  that,  the  wood  tank  system  gives  the  best 
service  with  less  trouble.  We  have  also  found  that  sludge  will 
adhere  to  the  side  of  the  steel  tank,  while  it  won’t  adhere  to  the 
sides  of  the  wooden  tank ;  at  least  this  was  our  experience  at  the 
Lorain  Steel  Company.  One  of  the  objections  which  the  general 
manager  of  that  company  made,  and  which  induced  him  in  the 
second  system  he  installed  to  put  in  wooden  tanks,  was  that  the 
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sludge  adhered  to  the  sides  of  the  steel  tanks  and  required  time 
and  labor  for  cleaning  them. 

In  reference  to  the  tests  we  employ,  would  state  that  it  is  onl\ 
in  such  instances  where  we  cannot  get  men  of  sufficient  intelli¬ 
gence  to  do  no  more  than  apply  color  tests,  and  sometimes  not 
even  those,  that  we  employ  color  tests.  Usually  we  employ  a  lime 
vatcr  for  the  insufficiency  and  titration  to  determine  excess  of  the 
lime  treatment,  but  our  experience  has  been  that  only  in  rare  cases 
are  men  of  sufficient  intelligence  furnished  to  make  any  tests  which 
require  such  careful  manipulation  as  the  soap  test. 

Mr.  Flanigan — I  would  like  to  ask  Mr.  Greth  how  they  con¬ 
struct  the  wooden  tanks  for  this  continuous  system.  It  is  under 
extreme  high  pressure  at  times.  In  case  they  had  two  hundred 
pounds  pressure,  what  is  the  practice  in  constructing  them  ? 

Mr.  Greth — The  gentleman  is  undoubtedly  talking  about  the 
pressure  system,  which  we  manufacture  especially  for  plants  where 
very  little  floor  space  is  available,  in  which  case  we  do  not  use 
anything  but  the  steel  tanks. 

Chairman — What  pressure  would  the  ordinary  tank  be  sub¬ 
jected  to? 

Mr.  Greth — Simply  the  weight  of  the  water  it  contains. 

Mr.  Flint — I  would  like  to  know  whether  it  is  possible  in  a 
general  way  to  state  the  first  cost  of  installation,  per  thousand  gal¬ 
lons,  of  the  intermittent  and  the  continuous  systems  ? 

Mr.  Greth — That  is  rather  a  difficult  question.  I  do  not  be¬ 
lieve  I  have  ever  computed  figures  on  that  basis. 

Chairman — Is  Mr.  Johnson  here  to-night?  If  so,  I  would 
like  to  have  a  few  words  from  him. 

Mr.  Johnson — I  think  that  this  question  has  been  very  thor¬ 
oughly  discussed.  It  is  an  undisputed  fact  that  the  small  sub¬ 
stances  should  be  removed  from  the  water  before  it  has  gone  into 
the  boiler,  but  after  it  is  there  once,  the  precipitation  by  heat  alone 
is  the  main  cause  of  scale  forming. 

Mr.  Flanigan — Mr.  Chairman.  I  believe  a  prominent  item  in 
connection  with  the  intermittent  system  is  the  filter,  and  I  do  not 
think  Mr.  Greth  touched  on  that  sufficiently. 

Mr.  Greth — I  did  not  expect  to  discuss  the  subject  of  filtra¬ 
tion  as  applied  to  water  purification.  We  have  found,  through 
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quite  a  number  of  years  of  experiment,  and  not  only  our  own  ex¬ 
periments  but  also  those  of  companies  which  we  have  absorbed, 
that  to  successfully  purify  water  it  is  absolutely  necessary  to  filter 
it  after  the  chemical  operations  have  taken  place,  and  the  only 
type  of  filter  we  have  found  to  give  satisfactory  results  is  the  regu¬ 
lar  mechanical  gravity  or  pressure  filter.  All  the  filters  which  we 
employ  are  fitted  with  a  bed  of  strainers  in  the  bottom,  on  top  of 
which  rests  the  graded  quartz  and  filter  sand,  and  on  top  of  the 
filter  bed  we  use  a  net-work  of  piping,  slotted  on  the  top,  to  take 
off  the  accumulated  sludge,  etc.,  from  the  filter  bed.  We  for¬ 
merly  used  a  mechanical  stirring  device,  but  found  it  was  not  effi¬ 
cient  in  carrying  off  all  the  sludge  from  all  parts  of  the  filter  bed, 
so  we  did  away  with  the  mechanical  stirring  device,  and  with  the 
strainers  which  wTe  now  use  we  have  been  able  to  get  excellent 
results.  This  strainer  is  a  cylinder,  the  barrel  of  which  is  made 
up  of  round  brass  rods.  These  strainers  are  placed  at  right  angles 
to  each  other,  so  as  to  wash  every  part  of  the  filter  bed.  In  the 
washing  process  the  water  brings  about  a  kind  of  boiling  of  the 
sand,  which  lifts  the  mud  and  sludge  high  enough  to  wash  it  into 
the  slotted  pipes.  We  use  this  type 'of  filter  on  all  our  intermit¬ 
tent  and  continuous  systems.  We  formerly  used  an  excelsior 
filter  on  our  continuous  systems.  This  did  not  fill  the  bill,  so  we 
cut  that  out,  and  are  now  using  the  regular  mechanical  gravity 
filter  in  every  case.  In  our  pressure  plants,  of  course,  we  use 
the  pressure  filter.  In  the  gravity  plants  we  often  use  a  pressure 
filter  where  the  conditions  are  such  that  a  pressure  filter  will  meet 
the  requirements  better  on  account  of  reduced  floor  space. 

Mr.  Flanigan — I  think  I  can  understand  Mr.  Greth  to  im¬ 
ply  that  all  that  is  necessary  in  washing  those  filters  is  to  reverse 
the  flow  of  water.  Is  that  correct? 

Mr.  Greth — Referring  to  the  washing  of  the  filters,  the  water 
is  introduced  at  the  bottom  and  washed  up  through  the  bed.  This 
lifts  the  sludge,  etc.,  as  explained  before,  into  the  slotted  pipe 
work,  which  is  then  carried  to  the  sewer. 

Of  course,  in  the  operation  of  the  filter  the  water  goes  into 
the  top  of  the  filter  and  out  at  the  bottom. 

Mr.  Handy — As  to  excelsior  filters,  I  can  say  that  I  was  very 
skeptical  about  their  having  any  merits  whatever,  and  I  know  now 
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that  they  have  their  limitations.  In  an  apparatus  that  is  so  de¬ 
signed  that  the  clarification  is  cpiite  perfect  an  excelsior  filter  about 
one  foot  in  thickness,  and  properly  packed,  will  remove  the  sus¬ 
pended  particles. 

Mr.  Greth — Speaking  of  the  continuous  systems,  I  recently 
saw  a  plant  installed  by  a  company  which  we  bought  out  sometime 
ago.  The  plant  was  designed  for  a  capacity  of  3,000  horse  power, 
or  about  12,000  gallons  per  hour.  The  capacity  of  the  various 
tanks  in  connection  with  the  system  were  large  enough  to  hold 
the  water  for  about  five  hours.  The  last  tank,  the  settling  tank, 
was  of  sufficient  size  to  hold  the  water  for  three  hours,  allowing 
that  time  for  settling.  The  entire  area  of  this  tank  was  used  as 
a  filter,  and  was  about  22'  in  diameter.  Excelsior  was  used  as  a 
filtering  medium,  and  was  placed  over  this  entire  area  about  2' 
thick,  and  the  results  obtained  at  this  plant  showed  the  water  still 
to  contain  considerable  fine  sludge.  This  may  have  been  due  to 
improper  treatment  of  the  water,  but  our  experience  has  been, 
especially  in  the  continuous  type  of  apparatus,  where  we  had  a 
varying  water  supply,  that  it  is  difficult  to  have  a  man  keep  his 
treatment  just  right,  and  it  is  necessary  to  supply  some  means  to 
positively  keep  out  the  sludge,  and  we  have  not  been  able  to  do 
it  with  the  excelsior  filters.  Possibly  others  have  been  more  suc¬ 
cessful. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS 


The  two  hundred  and  forty-second  regular  monthly  meeting 
of  the  Engineers'  Society  of  Western  Pennsylvania  was  held  in 
the  Lecture  room  of  the  Society’s  House,  410  Penn  Ave.,  Pitts¬ 
burg,  Pa.  Tuesday  evening,  February  i6th,  1904,  at  8:25  p.  111. 
President  J.  M.  Camp  in  the  chair  and  thirty-six  (36)  members 
and  visitors  present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  reported  that  they  had  passed  favor¬ 
ably  on  the  following  applications  and  present  same  to  the  Society 
for  action. 


NAME. 


OCCUPATION  AND  ADDRESS. 


ENDORSED  BY. 


F.  V.  McMullin, 
W.  II.  Baltzel). 


(  W.  G.  Wilkins, 

AMBROSE  E.  ANDERSON,  Attorney  at  Law  W.  M.  Judd, 
and  engaged  in  Scientific  and  Mechanical  pursuits  v  J.  F.  Kuntz. 
pertaining  to  Engineering,  321  Frick  Building,  Pittsburg,  Pa. 

(  W.  B.  Hough, 

WARREN  I.  BICKFORD,  Electrical  Engineer  T.  E.  Doyle, 

With  Iron  City  Engineering  Co.,  Frick  I  N  .  T.  Holmes. 
Building,  Pittsburg.  Pa.,  h..  4953  Centre  Avenue,  Pittsburg,  Pa. 

, _ _ _  ,  _ _  _  ,  Chas.  Worthington 

ARTHUR  L.  BOBBS,  Employed  bv  Chas. 

Worthington,  C.E. 

Farmers  Bank  Building,  Pittsburg,  Pa., 
h.,  3G5  Carolina  Street,  Pittsburg,  Pa. 

(  W.  B.  Hough, 

HAROLD  P.  ClIILDS,  -  Manager  -  ^  V.  F.  Holmes, 

Pittsburg  Office,  Power  &  Mining  Machine  Co.,  (  C.  W.  Ridinger 
823  Farmers  Bank  Building,  Pittsburg,  Pa. 

f  E.  T.  Parker, 

THOS.  A.  COLLISON,  -  Estimator  -  -  Frank  Irwin, 

With  Standard  Steel  Car  Co.,  Pittsburg,  Pa.,  I  A.  Stlieki. 
h.,  310  West  North  Arenue,  Allegheny,  Pa. 

C.  E.  Skinner, 

RAYMOND  H.  DANFORTH,  Draftsman 


(  C.  E.  Skinner, 
-  M.  A.  Tenney, 


Westinghouse  Electric  Ac  Mig.  Co.,  East  Pittsburg,  Pa.,  (  M.  Know  It* 
h.,  920  South  Avenue,  Wilkinsburg,  Pa. 
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THUS.  HANNAH,  Member  of  the  Firm 

Struthers  A  Honnah,  Architects,  Pittsburg,  Pa., 
h.,  433  Pacific  Avenue,  Pittsburg,  Pa. 

HERMAN  A.  HEUPEL,  Master  Mechanic 

Macbeth  Evans  Glass  Co., 
h.,  Charleroi,  Pa. 

JOHN  S.  HOLLIDAY,  -  Draftsman 

With  The  American  Foundry  &  Construction  Co., 
h.,  1202  Franklin  Avenue,  Wilkinsburg,  Pa. 

PHILIP  H.  JANNEY,  With  The  New  Process 
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Moved  that  the  secretary  cast  ballot  electing  the  gentleman 
to  membership.  Motion  seconded  and  carried. 
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Mr.  Diesciier — Mr.  President,  I  would  move  that  a  com¬ 
mittee  be  appointed  to  draw  up  resolutions  in  the  memory  of  the 
late  Selwyn  M.  Taylor,  who  was  a  member  of  this  Society. 

Motion  seconded  and  carried. 

Mr.  Camp — 1  appointed  on  this  committee,  Messrs.  George 
S.  Davison,  Chairman,  H.  J.  Lewis  and  W.  E.  Fohl. 

We  have  a  request  for  a  change  in  our  By-Laws.  Add  to 
Article  I,  Section  2,  first  sentence,  “and  if  not  matriculated  within 
six  months  the  election  be  cancelled.” 

Since  that  was  submitted  I  understand  there  are  several 
other  things  needing  revision  in  the  By-Laws,  and  if  it  is  in  order 
I  would  move  that  a  committee  of  three  be  appointed,  to  revise 
such  things  as  would  be  considered  necessarv  and  report  at  an 
“arly  date. 

Motion  seconded  and  carried:  Committee,  Messrs.  S.  M. 
Kintner,  Chairman,  Bole  and  Hirsch. 

Mr.  Camp — We  will  now  have  the  pleasure  of  listening  to 
Mr.  Alfred  J.  Diescher  on  the  Smelting  of  Zinc  Ores. 
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THE  SMELTING  OF  ZINC  ORES  TO  REGAIN  SPELTER 

AND  SULPHURIC  ACID. 


BY  MR.  A.  J.  DIESCHER. 

Zinc  ores  are  generally  found  associated  with  lead  ores.  To 
secure  the  zinc  ore  it  is  necessary  to  separate  the  lead  ore  from 
the  association.  The  lead  ore,  having-  a  specific  gravity  of  7.4 
while  that  of  zinc  ore  is  about  4,  is  well  separated  to  a  very  great 
degree  of  exactness,  by  jigging  or  concentrating.  It  is  also  found 
associated  with  other  ores  as  those  of  iron,  silver,  copper  and 
gold.  But  as  a  rule  lead  and  iron  always  exist  to  a  greater  or  less 
extent  in  such  associations,  and  have  very  much  to  do  with  the 
value  of  the  ore  for  smelting  purposes.  The  iron  found  is  gener¬ 
ally  sulphide  of  iron,  or  pyrites. 

The  principal  sources  of  ore  supply  in  this  country  are,  in 
the  order  of  their  importance,  the  Joplin,  Missouri,  District,  tak¬ 
ing  in  the  southwestern  section  of  Missouri,  the  southeastern  sec¬ 
tion  of  Kansas  and  a  portion  of  Arkansas ;  the  eastern  field,  tak¬ 
ing  in  a  portion  of  Pennsylvania  and  New  Jersey,  and  the  western 
field,  taking  in  Colorado,  other  western  mining  states  and  also 
British  Columbia.  Aside  from  these  fields,  zinc  ores  are  obtained 
in  various  parts  of  the  United  States,  as  in  Wisconsin,  Southern 
Illinois,  Kentucky,  Virginia  and  other  states.  While  there  are 
small  smelting  works  located  in  Wisconsin  and  in  Virginia,  the 
amount  of  ore  mined  and  smelted  is  not  so  great  as  to  rank  these 
states  as  important  spelter  producing  states.  Most  spelter  is 
produced  in  Kansas  while  Illinois  ranks  second  in  production. 

The  ores  from  the  Joplin  field  are  known  as  Joplin  ores  and 
are  the  best  of  all,  being  high  in  zinc  and  consequently  low  in 
impurities.  The  ores  from  the  western  states  are  known  as 
Western  ores,  and  are  as  a  rule  by-products  from  gold,  silver  or 
lead  mines.  They  carry  considerable  iron  and  lead  even  after 
concentration  and  sometimes  also  carry  considerable  silver  and 
traces  of  gold.  For  a  long  time  they  were  considered  a  waste 
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product  and  it  is  during  the  last  few  years  only  that  they  were 
smelted  for  the  zinc.  Zinc  in  gold  and  silver  ores,  reduces  the 
value  of  those  ores,  as  in  smelting  losses  of  gold  and  silver  are 
caused  by  the  volatilization  of  the  zinc. 

These  western  ores  as  a  rule  are  sulphide  ores  and  carry  as 
high  as  20  per  cent,  iron,  8  to  io  per  cent,  lead  and  20  ounces  of 
silver  to  the  ton.  .  Ore  passed  through  magnetic  separators  is 
much  lower  in  iron.  Lead  and  iron  are  the  two  most  important 
contaminations  of  zinc  ores,  and  it  is  upon  the  amounts  of  these 
two  metals,  as  well  as  upon  the  zinc  contents  of  the  ore,  that  the 
value,  and  also  the  method  and  care  of  working  the  ores,  are 
based.  These  contaminations  not  only  affect  the  quality  of  the 
metal  produced  and  the  treatment  in  working  the  ores,  but  are 
very  injurious  to  the  furnace  retorts,  causing  greater  losses  in  the 
reducing  process,  beside  making  the  physical  side  of  the  roasting 
process  more  difficult  to  perform,  and  making  it  also  more  waste¬ 
ful  of  fuel.  In  fact  in  some  types  of  roasting  furnaces,  these 
western  ores  cannot  be  worked  at  all,  owing  to  the  physical  rather 
than  chemical  difficulties  occurring,  as  shall  be  described  later  on. 
Between  the  lead  and  the  iron  in  the  ores,  the  iron  causes  the 

most  trouble  owing  to  the  damage  to  the  retorts,  as  will  be  re¬ 
ferred  to  later  on.  For  the  purpose  of  overcoming  the  troubles 

due  to  iron,  the  three  principal  companies  working  the  western 
ores  have  each  adopted  their  own  method  of  treatment.  The 
New  Jersey  Company  have  undertaken  to  eliminate  the  iron  from 
the  ore  by  magnetic  separation.  They  have  met  with  considerable 
success  in  this  line.  The  Cherokee-Lanyon  Spelter  Company 
took  up  the  matter  of  protecting  the  retorts  against  the  attack 
of  iron  by  lining  the  inside  of  the  retorts  with  a  basic  lining. 
They  claim  to  have  successfully  worked  ores  containing  19  per 
cent  iron.  The  Lenyon  Zinc  Company  have  adopted  still  another 
method  of  overcoming  the  trouble  in  which  they  have  met  with 
a  large  degree  of  success.  Their  way  is  simply  to  regulate  the 
temperature  of  the  reducing  furnaces  to  suit  these  ores,  working 
them  at  a  lower  degree  of  heat  than  is  required  for  Joplin  ores. 
A  combination  of  these  three  points  should  result  in  a  still  greater 
economy. 

The  western  ores  being  by-products  and  coming  from  fields 
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requiring  long  hauls  on  the  railroads,  must  sell  at  very  low  prices 
to  compete  with  the  Joplin  ores.  This  is  especially  true  of  British 
Columbia  ores,  the  freight  charge  on  which  is  alone  $11.00  per 
ton  to  the  Kansas  smelters. 

The  New  Jersey  ores  are  a  peculiar  combination,  especially 
the  Franklinite  ores,  which  contain  iron  sesqui  oxide,  manganese 
protoxide  and  zinc  oxide.  The  iron  and  the  manganese  are  sepa¬ 
rated,  after  calcining  by  means  of  magnetic  separators,  the  tail¬ 
ings,  containing  the  zinc  oxide,  are  smelted  to  recover  the  spelter 
or  the  pigment  zinc  oxide. 

The  Joplin  ores  are  highest  in  zinc  contents  and  are  of  three 
classes  according  to  their  chemical  combinations.  The  principal 
and  most  valuable  ore,  both  on  account  of  the  high  zinc  contents 
and  the  economy  in  smelting,  is  zinc  sulphide,  or  elende.  (Zn  S). 
This  is  fortunately  the  most  common  ore.  Beside  this  class  there 
are  zinc  carbonate  (Zn  C  03)  and  zinc  silicate  ores  (Zn  2SI  01) 

Sulphide  of  zinc,  free  from  foreign  matter,  consists  of  by 
weight  approximately  67  per  cent,  zinc  and  33  per  cent,  sulphur. 
However,  in  actual  practice  ores  containing  from  58  to  60  per  cent, 
zinc  and  from  28  to  30  per  cent,  sulphur  are  the  commercial  ores. 
They  are  purchased  on  the  assay  basis,  deduction  being  made  for 
moisture,  lead  over  2  per  cent  and  iron  over  1  per  cent,  of  the 
weight  of  the  ore.  However,  at  some  works,  where  sulphuric 
acid  is  made  as  a  by-product  from  the  sulphur  in  the  ore,  a  lower 
limit  for  lead  is  necessary,  due  principally  to  the  trouble  caused 
by  lead  in  the  roasting  furnaces. 

In  the  Joplin  District  the  ore  is  found  in  pockets  or  blankets, 
and  not  in  what  is  understood  by  veins.  For  this  reason  mining 
is  very  uncertain,  in  fact  so  much  so  that  none  of  the  smelting 
companies  have  ventured  very  far  into  it.  They  prefer  buying  the 
ore  from  the  different  miners.  This  makes  the  ore  buying  a  very 
large  undertaking,  and  each  smelter  has  an  ore  buyer  in  every 
division  or  district  of  the  ore  fields.  The  buyers  usually  contract 
to  buy  the  ore  and  deliver  it  on  board  cars,  on  the  nearest  siding 
to  the  mines.  The  mines  are  so  great  in  number  and  so  scattered 
that  the  railroads  do  not  run  sidings  to  them.  This  necessitates 
that  the  ore  be  hauled  to  the  cars  by  team.  It  is  the  custom  to 
buy  in  qauntities  at  a  time  large  enough  to  extend  over  a  consid- 
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erable  period.  Some  works  try  to  keep  on  hand  thirty  days’  supply 
of  green  ore.  The  ore  is  bought  at  the  different  mines  whenever 
there  has  accumulatd  a  sufficient  quantity  to  justify  hauling  to 
the  railroad  cars.  This  causes  considerable  trouble  in  shipping 
and  also  in  handling  the  ore  upon  its  receipt  at  the  smelting 
works.  It  is  a  common  thing  to  have  ore  from  five  or  six  differ¬ 
ent  mines  in  a  single  box  car.  They  are  of  different  analysis  as 
to  moisture,  iron,  lead  and  zinc,  and  must  be  kept  separated  from 
each  other  during  transportation.  When  the  ores  arrive  at  the 
different  works  samples  of  each  grade  are  taken,  as  well  as  a 
record  of  the  amount  of  each  grade  so  that  the  smelter  can  arrive 
at  a  settlement  with  the  miner  for  the  ore,  and  also  that  the  ore 
can  be  stored  in  different  bins  according  to  the  system  of  grading 
at  the  respective  works.  The  system  of  grading  will  not  be  taken 
up  at  this  point  as  it  will  be  considered  later  on. 

Before  passing  on,  from  the  ores,  it  is  well  to  state  that  the 
selling  prices  of  the  ore  is  not  constant  or  anywhere  near  constant. 
That  it  fluctuates  both  with  the  supply  and  demand  of  ore  as  well 
as  with  the  selling  price  of  spelter,  the  selling  price  of  spelter  con¬ 
trolling.  This  latter  feature  would  not  be  the  case  were  it  not 
that  whenever  the  price  of  Joplin  ore  is  increased  it  results  in  a 
greater  demand  for  the  inferior  western  ores.  The  smelters  do 
not  desire  to  work  the  western  ores  if  they  can  get  a  supply  of 
Joplin  ores  at  ordinary  prices.  The  greatest  demand  for  the 
western  ore  exists  at  the  time  when  both  the  Joplin  ores  and 
spelter  are  commanding  high  prices.  From  the  standpoint  of  the 
smelter  western  ores  are  looked  upon  mainly  as  a  means  for  keep¬ 
ing  down  the  Joplin  market. 

Zinc  is  the  pure  metal  while  spelter  is  the  commercial  metal 
containing  such  impurities  as  are  brought  over  during  the  smelt¬ 
ing  process.  Zinc  is  only  obtained  by  refining  spelter.  It  is  used 
for  chemical  purposes  and  also  for  casting  ornamental  work,  as 
monuments,  statuettes,  etc.  It  is  thinner  than  spelter  and  runs 
better  in  casting.  Spelter  is  rolled  into  sheets  for  rooting,  stamp¬ 
ing  and  other  purposes.  It  is  also  used  for  galvanizing,  for  elec¬ 
trical  purposes,  for  brass  making  and  in  the  form  of  shavings, 
for  the  cyanide  process  of  gold  and  silver  extraction. 

As  sulphide  ores  are  most  common  the  smelting  of  those  ores 
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shall  be  given  most  consideration  herein ;  however,  mention  shall 
be  made  from  time  to  time  as  to  the  difference  in  the  process  for 
the  smelting  of  the  carbonate  and  silicate  ores. 

The  first  step  in  smelting  the  sulphide  ores  is  roasting,  where¬ 
by  the  sulphur  is  driven  out  of  the  ore  bv  combustion,  both  the 
zinc  and  the  sulphur  uniting  with  oxygen,  thereby  forming  the 
two  products,  zinc  oxide  (Zn  o)  and  sulphurous  oxide  (S  02). 

After  the  ore  is  unloaded  from  the  railroad  cars  and  sampled, 
it  is  stored  according  to  its  grading,  at  some  of  the  works,  while 
at  others  it  passes  through  the  roasting  process  without  any  special 
grading.  As  no  works  will  mix  western  ore  with  Joplin  ore,  it 
follows  to  begin  with,  that  there  are  grades  of  ores  according  to 
the  fields  from  where  they  were  obtained.  However,  Joplin  ores 
have  a  further  grading,  that  is  carried  out  to  a  very  great  extent 
at  some  of  the  works.  The  Lenyon  Zinc  Company  have  as  high 
as  ten  different  grades.  Outside  of  the  grading  according  to  the 
chemical  combination  in  which  the  zinc  is  held,  it  is  common  to 
grade  according  to  the  percentage  of  zinc  contained  in  the  ore,  and 
also  according  to  the  amount  of  iron  carried  in  the  ore.  The  reason 
for  this  latter  grading  will  readily  be  understood  when  it  is  consid¬ 
ered  that  an  ore  high  in  iron  will  roast  at  a  lower  temperature 
than  ores  that  contain  less  iron.  It  is  a  well  known  matter  among 
smelters  that  ores  very  high  in  zinc  content  are  not  the  most 
economical  to  smelt.  The  percentage  of  zinc  lost,  or  in  other 
words  the  percentage  not  regained  from  the  ore,  is  greater  in 
working  these  high  grade  ores  than  it  is  with  the  lower  grade 
ores.  For  this  reason  the  ores  are  graded  according  to  their  zinc 
content.  Outside  of  the  grades  due  to  the  above  system  of  grad¬ 
ing,  there  are  the  sludge  ores,  which  are  the  fine  settlings  from 
the  concentrating  jig.  The  carbonate  and  silicate  ores  form  the 
other  grades  due  to  chemical  combination. 

Although  the  ores  come  from  many  different  mines,  and  a 
single  carload  seldom  consists  of  less  than  two  grades,  it  is  found 
on  averaging  the  analysis  of  all  ores  received  during  each  month, 
that  the  average  from  month  to  month  shows  very  little  variation. 

As  every  grade  of  ore  requires  special  treatment,  as  regards 
temperature  in  the  reducing  furnaces,  and  also  that  every  charge 
requires  a  gradual  change  of  temperature  during  the  time  of  work- 
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ing  it,  it  is  evident  that  the  greatest  economy  will  lx?  attained  l>v 
keeping  as  near  as  possible  to  one  resultant  grade  of  ore,  brought 
about  by  mixing  the  proper  proportions  of  the  different  grades. 
As  a  result  the  men  operating  the  furnaces  become  skilled  in 
handling  the  resultant  grade  and  in  regulating  the  temperature  to 
secure  the  best  results  from  that  grade.  As  it  is  the  custom  to 
allow  the  men  a  bonus,  for  all  metal  recovered  above  35  per  cent, 
of  the  content  of  the  ore,  every  effort  is  made  by  them  to  attain 
the  best  result. 

Preparatory  to  roasting,  it  is  necessary  to  drive  the  moisture 
out  of  the  ore.  For  this  purpose  various  methods  of  drying  have 
been  adopted  at  the  different  works.  After  drying,  the  ore  is 
crushed  in  crushing  rolls,  and  passed  through  a  revolving  screen, 
of  either  six  or  seven  meshes  to  the  inch.  Finer  crushing  than 
this  is  not  advisable  for  several  reasons.  The  dust  losses  from 
finely  crushed  ores  are  greater  than  from  coarser  crushed  ores ;  it 
is  harder  to  keep  finely  crushed  ores  on  the  hearth  of  the  roasting 
furnace,  due  to  the  bubbling  tendency  from  the  sulphurous  gases 
arrising  from  the  ore,  and  further  that  since  it  is  necessary  that 
oxygen  be  brought  into  close  contact  with  every  particle  of  the 
ore  to  result  in  successful  roasting,  the  finely  crushed  ores  leave 
such  a  small  amount  of  space  between  the  grains  that  the  air  can 
not  penetrate  between  them.  This  is  why  the  roasting  of  finely 
crushed  ores  is  especially  difficult.  The  sludge  ores,  which  are 
much  finer  than  sand,  cannot  be  roasted  alone  and  are  always 
mixed  with  coarser  ores.  Even  with  this  mixture,  on  examining 
the  roasted  ore  as  it  leaves  the  roasting  furnace  or  kiln,  it  is  al¬ 
ways  found  that  the  sludge  ore  comes  out  in  the  shape  of  little 
balls  up  to  three-sixteenths  of  an  inch  in  diameter.  Fine  ores,  be¬ 
tween  the  grains  of  which  the  air  cannot  penetrate,  have  a  ten- 
dencv  to  cake. 

At  present  the  losses  in  dust  passing  out  of  the  stack  and 
through  the  openings  of  the  furnace,  amounts  to  one  per  cent,  of 
the  total  amount  of  ore  roasted,  at  one  of  the  leading  works.  This 
does  not  appear  like  very  much,  but  in  this  case  it  amounts  to  a 
daily  loss  of  about  $70  worth  of  ore. 

After  leaving  the  screens  the  ore  passes  into  bins,  over  the 
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more  modern  furnaces,  from  where  it  is  fed  in  a  constant  stream 
into  the  furnace. 

Zinc  sulphide  contains  one  atom  of  sulphur  for  each  atom  of 
zinc.  Pyrites  of  iron,  as  are  used  in  the  manufacture  of  sulphuric 
acid,  contain  two  atoms  of  sulphur  for  every  atom  of  iron.  The 
sulphur  from  the  pyrites  is  more  easily  burned  out  then  that  com¬ 
bined  with  the  zinc.  In  the  case  of  the  zinc  sulphide  it  is  neces¬ 
sary  to  supply  heat  from  some  outside  source  to  carry  on  the  roast¬ 
ing  process.  This  heat  is  furnished  either  by  the  combustion  of 
cool,  producer  gas,  or  natural  gas.  To  bring  the  air  in  close  con¬ 
tact  with  the  particles  of  ore,  it  is  necessary  to  stir  or  turn  them 
over  frequently.  The  oftener  the  ore  is  turned  over  the  greater 
the  output  of  roasted  ore  per  square  foot  of  hearth  area.  As 
stated  before  the  temperature  required  to  roast  varies  with  each 
grade  of  ore,  the  more  pyrites  contained  in  the  ore  the  lower  the 
temperature  required  to  roast  it,  and  also  the  purer  the  ore  the 
greater  the  temperature  required  to  roast  it.  This  temperature 
p  lays  an  important  part,  no  only  regarding  the  amount  of  fuel  re¬ 
quired,  but  also  because  it  is  very  destructive  on  the  machinery 
used  to  turn  over  the  ore.  The  amount  of  ore  roasted  in  twenty- 
four  hours  varies  from  twelve  to  thirty  pounds  per  square  foot 
of  effective  hearth  area.  The  ore  remains  on  the  hearth  about 
eighteen  hours  to  effect  complete  roasting.  This  length  of  time 
varies  to  some  extent  with  the  rabbling  or  turning  over  of  the 
ore  to  afford  access  of  the  air.  At  the  starting  or  entering  point 
of  the  hearth  the  temperature  is  at  its  lowest,  gradually  increasing 
toward  the  discharge  end  of  the  furnace,  until  it  reaches  its  maxi¬ 
mum  at  a  point  at  about  two-thirds  of  the  length  of  the  hearth, 
from  whereon  it  gradually  drops  to  the  discharging  point.  In  the 
furnaces  as  used  at  the-  Lanyon  Zinc  Works  the  hearths  are  14 
feet  wide  by  150  feet  long.  At  the  front  end  the  temperature  is 
about  900  degrees  and  raises  to  about  1800  degrees  as  a  maximum 
at  a  point  100  feet  in,  then  gradually  drops  to  about  1200  degrees 
at  the  discharging  end.  These  temperatures  are  not  held  station¬ 
ary  but  are  constantly  regulated  to  suit  the  nature  of  the  ore  being 
roasted.  The  roaster  in  charge  takes  samples  from  different 
points,  throughout  the  length  of  the  furnace,  arid  upon  cracking 
the  grains  can  tell  by  the  appearance  of  the  fracture,  whether  the 
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sulphur  is  burned  out  or  not.  A  shining  or  sparkling  point  indi¬ 
cates  sulphur,  and  if  upon  cracking,  he  can  find  no  shines  the 
roasting  is  considered  complete.  However,  should  he  find  shines 
to  any  extent,  the  roasting  is  not  considered  complete  and  the  nec¬ 
essary  increase  in  temperature  is  made  to  produce  ore  at  the  dis¬ 
charge  that  will  show  no  shines. 

It  is  a  common  thing  to  roast  ore,  containing  20  per  cent, 
sulphur,  down  to  J  to  1  per  cent,  sulphur  and  sometimes  even  less. 
At  most  works  roasting  to  one  per  cent,  is  considered  good  prac¬ 
tice  while  at  others,  ^  of  1  per  cent,  is  demanded.  Whatever  zinc 
there  remains  combined  with  sulphur  in  the  roasted  ore  can  not 
be  regained  in  the  reducing  furnaces  and  for  this  reason  is  prac¬ 
tically  a  dead  loss.  The  importance  of  roasting  to  the  lowest  limit, 
is  readily  seen,  when  it  is  considered  that  for  every  pound  of 
sulphur  left  in  the  roasted  ore,  two  pounds  of  zinc,  which  are  com¬ 
bined  with  that  pan  of  sulphur,  are  lost  unless  the  iron  in  the  ore 
combines  with  part  of  that  sulphur  and  liberates  some  of  the  zinc. 
A  premium  is  allowed  the  roasters  for  close  roasting  at  some  of 
the  works. 

In  roasting  the  sulphur  takes  up  two  atoms  of  oxygen  form¬ 
ing  the  gas  sulphurous  oxide  (S  02).  The  zinc  unites  with  one 
atom  of  oxygen  forming  zinc  oxide  (Zu  o),  which  remains  in  the 
ore.  Some  sulphuric' oxide  (S  03)  is  also  formed,  and  there  is 
danger  under  high  temperatures  of  this  (S  03)  uniting  with  the 
(Zn  o)  and  forming  zinc  sulphate  (Zn  S  04).  However,  in  prac¬ 
tice  there  is  very  little  trouble  due  to  this  formation ;  the  extra  o 
of  the  (S  03)  usually  being  taken  up  to  form  (S  02)  or  by  the 
zinc  forming  (Zn  o).  During  roasting,  60  per  cent  sulphide  ores 
lose  30  per  cent  of  their  weight,  if  all  sulphur  is  roasted  out,  and 
regain  15  per  cent,  of  the  original  weight  from  the  oxygen  taken 
up  by  the  zinc.  This  makes  the  roasted  ore  weigh  about  85  per  cent, 
of  the  original  weight,  when  it  was  green  ore.  Of  course  the 
loss  in  Rusting  must  be  deducted  in  figuring  the  output  in  ton¬ 
nage. 

Of  the  contaminating  metals  in  the  ore,  lead  is  the  only  which 
causes  trouble  in  the  roasting*  furnaces.  This  is  due  to  the  fact 
that  it  has  a  tendency  to  deposit  or  build  up  on  the  hearth,  and 
there  form  an  obstruction  to  the  passage  of  the  rabble  through  the 
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furnace.  In  furnaces  having  a  single  hearth  this  is  not  as  serious 
a  matter  as  it  is  in  muffle  furnaces.  In  the  former  type  where 
the  height  of  the  arch  over  the  hearth  is  quite  high,  the  depositing 
of  lead  is  allowed  to  accumulate  and  the  furnace  is  closed  down 
once  a  year  for  the  purpose  of  changing  the  bed,  thereby  remov¬ 
ing  the  accumulation.  Should  the  accumulation  at  points  become 
troublesome  it  is  chipped  off  with  a  bar.  In  the  muffle  furnaces 
where  the  head  room  is  limited,  and  made  a  minimum,  such  de¬ 
posits  are  more  troublesome.  Such  furnaces  have  the  roasting 
hearths  located  over  the  combustion  hearths  and  the  heat  reaches 
the  roasting  hearth  through  the  fire  brick  floor.  Accumulations 
on  the  hearth  or  bed  are  bad  as  they  interfere  with  the  proper 
heating  of  the  ore  and  with  the  passage  of  the  rabble.  For  this 
reason  it  is  the  custom  to  limit  the  amount  of  lead,  in  ores  to  be 
roasted  in  these  furnaces,  to  not  over  one  per  cent,  of  the  weight 
of  the  ore. 

In  roasting  Joplin  as  well  as  Western  ores,  there  is  always 
more  or  less  danger  of  the  ores  caking  or  crusting.  In  designing 
the  roasting  furnaces,  special  care  must  be  taken  to  have  ample 
power  to  draw  the  rabble  through  to  break  up  this  crust.  This 
trouble  occurs  to  a  much  greater  extent  with  the  western  ores 
than  with  the  Joplin  ores,  in  fact  on  some  furnaces  where  they 
changed  from  Joplin  to  Western  ore  it  was  found  necessary  to  use 
special  sharp  pointed  rabbles  to  cut  through  the  crust.  This 
sharp  pointed  rabble  was  passed  through  the  furnace  once  every 
seven  minutes. 

In  muffle  furnaces  the  ore  worked  is  generally  picked  to  a 
much  greater  extent,  and  therefore  the  trouble  from  caking  does 
not  amount  to  as  much,  as  it  does  on  the  other  types  of  machine 
furnaces,  where  equal  care  is  not  exercised  in  picking  the  ores. 
Western  ores  have  not  yet  been  roasted  in  muffle  furnaces.  There 
is  no  reason  why  they  should  not  be  if  they  are  passed  through 
magnetic  separators  and  be  later  treated  to  reduce  the  lead. 

Muffle  furnaces  are  those  in  which  the  roasting  and  combus¬ 
tion,  or  heating  chambers,  are  kept  separate,  and  are  only  used 
where  the  sulphurous  gases  and  the  combustion  gases  must  be 
kept  separate  from  each  other.  In  the  ordinary  furnaces  these 
gases  mix  and  are  allowed  to  escape  to  the  atmosphere.  Wher- 
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ever  the  gases  arc  kept  separate  from  each  other,  it  is  done  for  the 
purpose  of  regaining  the  sulphurous  fumes  for  the  manufacture  of 
sulphuric  acid  as  a  by-product. 

Muffle  kilns  are  expensive  to  build,  consume  a  great  amount 
of  fuel,  have  complicated  mechanisms  for  operating  the  rabbles, 
and  are  very  troublesome  to  operate,  requiring  constant  attention 
and  repairs.  The  heating  and  roasting  chambers  are  generally 
arranged  one  over  the  other  and  mav  consist  of  anv  number  of 
stories.  The  amount  of  air  admitted  into  these  furnaces  must  be 
carefully  regulated  in  order  that  only  sufficient  be  admitted  to 
supply  oxygen  to  properly  unite  with  the  sulphur  to  form  the  (S 
02)  and  with  the  zinc  to  form  the  (Z11  o).  Any  excessive  air  is 
bad  as  it  necessitates  greater  chamber  space  for  condensing  the 
fumes  in  the  acid  department.  At  the  present  zinc-acid  works 
where  the  regulation  of  the  air  supply  to  the  furnaces  is  good,  a 
chamber  volume  of  15  cubic  feet  per  pound  of  sulphur  burned  per 
twenty-four  hours  is  used.  The  acid  made  is  either  50  degree 
chamber  or  60  degrees  tower  acid. 

The  air  admitted  to  the  muffle  kilns,  before  entering  the 
roasting  hearths,  is  passed  through  a  series  of  flues  below  the 
lowest  combustion  chambers.  The  supply  of  hot  air  to  the  roast¬ 
ing  chambers  is  a  very  important  matter  as  cold  air  has  a  ten¬ 
dency  to  check  the  roasting  and  also  is  very  expensive  as  to  fuel. 
The  hot  air  is  led  through  flues  and  is  distributed  to  the  different 
roasting  hearths  in  the  proper  proportions.  The  hot  gases  are 
drawn  from  the  furnaces  by  means  of  rotary  fans,  built  in  the 
brick  flues  leading  to  the  acid  department.  Located  between  the 
fan  and  the  Glover  Tower  is  a  dust  chamber  where  flue  dust, 
etc.,  are  deposited.  This  results  in  a  clearer  acid  being  produced 
than  is  produced  at  the  pyrite  acid  works. 

The  manufacture  of  sulphuric  acid  from  the  waste  fumes 
from  the  roasting  furnaces  is  really  a  secondary  process.  The 
acid  being  considered  a  by-product.  There  is  produced  to-day 
nearly  four  hundred  tons  of  spelter  daily,  from  the  ores  of  which 
are  produced  daily  under  twro  hundred  tons  of  60  degree  sulphuric 
acid,  while  those  ores  contain  enough  sulphur  to  make  eight  hun¬ 
dred  tons  of  the  same  acid.  From  this  it  will  be  seen  that  there 
is  going  to  w^aste  daily  in  this  industry,  enough  sulphur  to  make 
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over  six  hundred  tons  of  Go"  degree  acid,  or  in  tons  of  sulphur, 
one  hundred  and  eighty.  The  reason  for  this  is  that  the  smelters 
are  located  in  a  territory  where  the  market  for  acid  is  limited  and 
the  selling  price  low. 

From  every  ton  of  60; i  ore  it  can  be  roughly  stated  that  one 
ton  60  degree  acid  can  be  made.  In  actual  practice  it  is  more 
than  one  ton  acid  per  ton  ore.  This  large  amount  of  sulphur  in 
the  ore  has  been  allowed  to  go  to  waste  in  the  great  majority  of 
the  zinc  works.  Among  those  smelters  who  have  investigated 
the  acid  end  of  the  works  it  is  recognized  that  owing  to  the  large 
amount  of  sulphur  contained  in  the  ore,  and  also  that  the  roasting 
process  prepartory  to  smelting  the  ores  is  the  first  step  in  the 
manufacture  of  sulphuric  acid,  there  are  to  be  derived  greater 
profits  from  the  manufacture  of  acid  than  from  the  production 
of  spelter  with  plants  located  in  a  good  spelter  and  acid  market. 
For  this,  among  other  reasons,  Pittsburg,  which  is  the  center  of 
the  spelter  market  and  is  also  a  very  good  acid  market,  is  bound 
to  become  the  main  center  of  the  zinc  smelting  industry  within 
not  many  years. 

Carbonate  and  silicate  ores  are  calcined  instead  of  roasted. 
This  is  practically  the  same  operation  as  roasting  and  consists  of 
driving  the  carbon-dioxide  from  the  carbonate  ores -and  the  water 
from  the  silicate  ores.  There  is  no  real  chemical  action  in  cal¬ 
cining,  as  there  is  in  roasting,  where  both  the  zinc  and  sulphur 
took  up  oxygen.  In  calcining  there  is  no  further  combining  of 
any  of  the  elements  in  the  ore,  the  only  action  is  the  driving  out 
of  the  carbon-dioxide  and  the  water  by  heating,  oxygen  not  being 
necessarv  for  either  expulsion.  The  carbonates  were  changed 
from  (Zn  C  03)  to  (Zn  o),  the  (C  02)  passing  off.  The  silicates 
have  the  same  chemical  combination  as  before  calcining  (Zn2 
Si  04)  unless  they  were  combined  as  a  hydrate,  in  which  case  the 
water  is  driven  out  of  the  combination  as  is  also  the  moisture  in 
the  ore. 

It  is  not  necessary  to  calcine  these  ores  before  reducing,  how¬ 
ever  it  is  more  economical  to  do  so,  because  whether  the  CO2  is 
driven  off  in  the  roasting  furnace,  or  whether  it  is  driven  off  in 
the  reducing  furnace,  the  fuel  necessarv  to  bring  the  ore  up  to 
the  temperature  where  the  CO2  is  driven  off  is  burned  in  either 
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case.  In  the  reducing  furnace,  as  shall  be  explained  later,  it 
would  not  be  as  cconomicaal  to  drive  off  this  CO 2  as  there  it 
must  be  driven  off  as  CO,  which  means  that  just  as  much  extra 
fuel  will  be  required  as  it  takes  to  furnish  the  extra  carbon  to 
make  all  the  gasses  CO. 

In  the  case  of  silicate  ores,  it  is  economical  to  calcine  be- 
.  cause  of  the  harmful  effect  of  the  water  in  the  reducing  furnaces. 
However,  in  actual  practice  silicate  ores  are  worked  in  the  re¬ 
ducing  furnaces  without  calcining.  I11  fact,  the  amount  of  sili¬ 
cate  ores  worked  at  the  principal  smelters  is  very  small. 

Neither  the  carbonate  nor  the  silicate  ores  run  as  high  in 
zinc  as  the  sulphide  ores  do,  while  from  their  nature,  as  well  as 
from  the  lack  of  skill  in  working  them,  the  losses  of  metal  from 
these  ores  are  greater  than  those  from  the  sulphide  ores.  This,  when 
combined  with  the  fact  that  the  quantity  of  metal  in  the  furnace 
charge  is  less  than  with  sulphide  ores,  while  the  labor  is  the 
same  and  the  fuel  consumed  to  work  the  poorer  charge  is  some¬ 
what  more  than  with  sulphide  ores,  will  explain  why  the  smelters 
do  not  smelt  carbonate  or  silicate  ores  unless  absolutely  neces¬ 
sary.  Silicate  ores  are  preferred  to  carbonate  ores  because  they 
can  be  worked  without  calcining  and  also  with  smaller  losses 
than  in  working  carbonates.  A  stock  of  silicate  ores  is  gener¬ 
ally  kept  on  hand  for  emergency  sake.  Should  any  damage  oc¬ 
cur  to  a  roasting  furnace,  which  requires  considerable  time  to 
repair,  and  the  stock  of  roasted  ore  gives  out,  then  the  reducing 
end  of  the  plant  can  be  kept  going  on  silicate  ores  until  a  new 
supply  of  roasted  sulphide  ores  is  provided.  On  starting  up  a 
new  plant  the  roasting  furnaces  generally  fall  below  the  output 
required  by  the  reducing  furnaces,  and  at  this  time  silicate  ores 
come  in  very  handy  to  fill  up  the  reducing  furnaces.  Outside  of 
this  for  such  purposes  silicate  ores  are  not  desired,  and  arc  hardly 
ever  used  by  the  leading  smelters. 

Now  that  the  requirements  of  roasting  have  been  explained  it 
is  well  to  give  a  description  of  the  leading  furnaces  used  for 
this  purpose.  The  principal  types  are  known  as  hand,  machine 
and  muffle  furnaces.  Hand  furnaces  are  those  in  which  the  ore 
is  turned  over  and  pushed  ahead  by  hand  power.  The  machine 
furnaces  are  those  in  which  this  is  done  bv  mechanical  power. 
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The  muffle  furnaces  are  those  in  which  the  sulphur  gases  and 
the  fumes  or  gases  of  combustion  are  not  allowed  to  mingle,  and 
in  which  the  combustion  of  fuel  to  supply  heat  for  roasting,  takes 


place  in  a  separate  chamber  from  the  roasting  chamber,  the  heat 
going  to  the  roasting  chamber  by  radiation. 

Muffle  furnaces  can  be  operated  either  by  hand  or  machine 
power.  Drawing  No.  I  represents  in  a  general  way  the  common 
type  of  hand  furnace  as  used  by  the  smelters  in  the  Missouri- 
Kansas  districts.  The  ore  enters  through  the  opening  at  the  top 
of  the  furnace,  and  is  spread  over  the  upper  hearth,  from  where, 
after  being  well  turned  over  and  exposed  to  the  air  and  to  the 
heat  from  the  gas  burners,  projecting  through  the  sides,  it  is 
pushed  forward  and  drops  down  through  the  flue  to  the  next 
lower  hearth.  Here  it  is  again  worked  across  the  bed  and  drops 
dowm  to  the  next  or  third  hearth.  After  passing  over  this  hearth 
it  drops  through  a  flue  to  a  cellar  or  storage  bin  under  the  fur¬ 
nace.  These  furnaces  are  built  too  high,  and  often,  too,  as  many 
as  eight  arc  in  a  single  block.  The  upper  tier  of  furnaces  are 


PAPER  BY  A.  J.  DIESCHER. 


91 


worked  from  a  traveling1  platform  or  scatfold.  I  he  sulphur 
fumes  pass  through  the  different  stories  and  through  a  stack  to 
the  atmosphere.  The  gases  from  these  furnaces  cannot  be  used 
for  acid  making,  as  they  are  too  contaminated  with  the  waste 
gases  of  combustion. 

Beside  hand  furnaces  of  this  type,  there  are  hand  furnaces 
which  are  arranged  with  only  one  long  hearth,  the  ore  entering 
at  one  end  and  is  gradually  worked  across  or  forward  to  the 
other  end  by  hand  power.  Long,  ore-like  bars  are  used  in 
shoving  the  ore  forward,  and  are  applied  by  extending  them 
through  doors  or  openings  along  the  sides  of  the  hearth,  and 
working  the  ore  forward  by  swinging  these  bars  across  the 
hearth. 

Machine  furnaces  as  far  as  applied  to  zinc  ore  roasting  are 
the  development  of  these  long  hand  furnaces.  A  rake  or  rabble, 
with  blades  set  at  an  angle,  according  to  the  rate  of  discharge  de¬ 
sired,  is  drawn  through  the  furnace  by  means  of  an  endless  cable. 
The  rabble  enters  the  receiving  end  and  passes  through  the  fur¬ 
nace,  plowing  up  the  ore  into  furrows.  The  rabbles  are  attached 
at  suitable  distances  along  the  cable,  and  are  similar  to  each  other 
in  all  respects  except  that  the  blades  of  each  succeeding  rabble  or 
rake  are  so  set  that  they  cut  into  the  furrow  left  by  the  preceding 
rabble.  In  such  furnaces  the  roasting  is  much  more  efficient, 
both  as  to  thoroughness  as  well  as  to  the  quantity  roasted  per 
square  foot  of  hearth  area.  These  furnaces  are  built  about  14 
feet  wide  across  the  hearth,  and  150  feet  long.  It  is  well  known 
that  the  oftener  the  ore  is  turned  over  and  the  air  has  access  to 
each  particle  of  ore,  the  greater  will  be  the  output  and  economy 
of  the  furnace.  It  would  be  desirable  that  the  rabbles  pass 
through  as  often  as  possible,  however  this  cannot  be  done  as  the 
temperature  of  the  furnace  is  so  great  that  after  one  and  one- 
half  circuit  of  the  cable,  the  rabbles  must  stop  outside  of  the  fur¬ 
nace  and  cool  before  they  can  enter  again.  If  this  cooling  off 
is  not  allowed  it  does  not  take  more  than  eight  or  ten  trips  of 
each  rabble,  through  the  furnace,  before  they  sag  and  catch  onto 
the  floor  or  bed  of  the  furnace.  Now  while  the  rabbles  are  cooling 
outside  of  the  furnace  it  would  not  do  to  keep  the  cable  in  the 
heat  unprotected  in  some  manner.  To  successfully  take  care  of 
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the  cable  was  the  great  point  to  solve  in  inventing  the  machine 
furnace.  The  two  most  successful  furnaces  are  the  Brown  and 
the  Ropp  furnaces,  shown  in  cross-section  by  Drawings  Nos.  2 


and  3.  These  two  furnaces  have  unfortunately  been  the  cause  of 
very  much  patent  litigation  which  prevented  their  use  to  a  much 
greater  extent  than  that  to  which  they  have  been  applied.  Draw¬ 
ing  No.  2  shows  the  cross-section  of  the  Brown  furnace,  the 
rails,  cables  and  trucks  of  the  rabble  are  in  secondary  or  side 
chambers  to  the  roasting*  chamber  proper,  to  which  they  are  con¬ 
nected  by  means  of  a  long  slot  running  the  entire  length  of  the 
furnace.  The  rails  and  cables  are  kept  cool  by  admitting  the 
supply  of  air,  necessary  for  the  roasting  process,  through  the  two 
side  chambers  across  the  rails  and  cables  and  then  through  the 
slots  and  into  the  furnace  proper.  These  furnaces  were  very 
successful,  and  were  the  best  type  until  Ropp  invented  his,  shown 
by  Drawing  No.  3.  Here  the  rabble  is  carried  on  a  truck  which 
passes  through  a  tunnel  under  the  center  of  the  furnace.  The 
rabble  is  supported  from  the  truck  by  means  of  a  plate  extending 
throug*h  the  slot  in  the  floor.  This  furnace  is  recognized  as  the 
most  economical  of  the  machine  furnaces.  However,  after  a 
long  litigation,  it  has  been  declared  an  infringement  on  the  Brown 
patents.  The  sulphurous  gases  from  these  furnaces  also  mix 
with  the  waste  gases  of  combustion  and  pass  off  to  the  atmos- 


phere.  Neither  of  these  furnaces  are  well  adapted  to  suit  the 
requirements  of  a  muffle  furnace,  as  in  them  the  air  supply  is 
not  regulated  to  the  extent  required  for  muffle  furnaces.  The 
air  entering  through  the  slots  must  be  cold  to  keep  the  rails  and 
cables  cool,  while  in  a  muffle  furnace  hot  air  is  almost  essential 
to  procure  good  results  or  fuel  economy. 

Drawing  No.  4  represents  the  cross-section  of  a  muffle  fur¬ 
nace,  which  can  be  either  a  hand  or  a  machine  furnace.  If  a 
hand  furnace,  the  same  method  for  pushing  the  ore  forward  is 
used  as  was  described  before.  If  a  machine  furnace,  then  a 
special  mechanical  arrangement  is  required.  The  furnaces  shown 
have  seven  roasting  hearths  and  three  combustion  chambers.  The 
first,  third  and  fifth  are  combustion  chambers,  while  the  second, 
fourth,  sixth,  and  above  that,  are  roasting  chambers.  The  ore 
enters  the  upper  hearth  from  a  bin  or  hopper  which  dumps  a 
charge  into  the  furnace  just  as  the  rabble  enters.  The  rabble  is 
drawn  forward  by  a  steel  bar  which  enters  from  the  far  end. 
passes  through  the  furnace,  and  to  where  the  rabble  is  attached 
by  means  of  a  hook.  This  bar  recedes,  drawing  the  rabble  after 
it.  In  this  way  the  ore  is  worked  across  the  upper  hearth  and 
drops  to  the  next  lower  hearth,  from  where  it  is  passed  forward 
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by  another  rabble  attached  to  a  similar  bar,  which  drops  it  to  the 
next  hearth  and  so  on,  until  it  passes  out  of  the  lowest  hearth  as 
roasted  ore.  The  gas  for  combustion  enters  the  combustion 
chambers  through  the  pipes  indicated,  each  of  which  are  provided 
with  the  necessary  gas  mixer.  The  heat  passes  through  the  floor 
to  the  roasting  chamber  where  as  high  as  1800  degrees  tempera¬ 
ture  is  required.  The  third  and  fourth  floors  are  the  hottest. 
The  upper  floors  need  not  be  so  hot  as  the  lower  floors,  as  the 
ore  on  the  upper  hearths  is  richer  in  sulphur  and  the  heat  passing 
up  from  the  lower  hearths  is  sufficient,  together  with  the  heated 
air  for  the  roasting  process,  to  carry  on  the  roasting.  Should 
the  temperature  in  these  upper  hearths  be  too  high  it  will  tend 
to  cake  the  ore. 

The  air,  before  being  admitted  to  the  different  floors,  is 
passed  through  the  flues  under  the  combustion  chamber  and 
heated.  The  doors  to-  the  roasting  hearths  are  made  of  cast  iron 
and  are  well  fitted  to  close  tight  to  exclude  air.  The  rabbles  pass 
through  the  furnace  only  once  per  hour  to  keep  down  the  amount 
of  air  admitted  through  the  doors.  The  air  is  blown  through  the 
flues  by  means  of  a  positive  blower,  or  may  be  drawn  through 
the  flues  by  means  of  a  positive  exhaust  fan,  which  exhausts  the 
sulphurous  oxide  to  the  acid  department  of  the  works.  The 
gases  pass  from  the  hearths  and  out  through  the  flue  over  the  top 
of  the  furnace  to  the  exhaust  fan.  The  gases  of  combustion  are 
allowed  to  escape  through  stacks  to  the  atmosphere. 
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THE  MIXING  OF  THE  CHARGE. 

As  the  ores  were  graded  before  being  roasted  and  were 
passed  through  the  roasting  process  without  mixing  the  grades, 
it  necessarily  follows  that  the  different  grades  must  be  stored  in 
different  bins  until  needed  for  further  working. 

Since  for  the  reduction  of  the  zinc  oxide,  which  is  now  the 
combination  in  which  the  zinc  is  held  in  the  ore,  it  is  necessary 
to  bring  that  oxide  in  close  contact  with  carbon  that  the  ox\  gen 
may  combine  with  the  carbon  and  thereby  liberate  the  zinc.  This 
is  the  main  reason  for  mixing.  Coal,  coal  and  coke  or  coke  alone 
are  used  to  supply  the  carbon  of  the  mixture.  They  are  crushed 
and  screened  through  a  half-inch  mesh  screen.  Another  reason 
for  mixing  is  to  average  up  the  zinc  contents  of  the  various  ores 
to  a  uniform  standard,  as  well  as  to  bring  the  iron  contents  to  as 
nearly  as  possible  the  same  daily  percentage.  Some  works  con¬ 
sider  the  amount  of  lime  contained  in  the  ore  and  also  trv  to 

j 

control  that  too.  However,  the  basis  on  which  the  combination 
of  grades  is  figured,  is  to  secure  every  day  a  charge  containing 
the  same  weight  of  ore  and  fuel,  the  same  weight  of  zinc  con¬ 
tained,  with  as  nearly  as  possible  the  same  daily  percentage  of 
iron.  It  is  a  hard  matter  tc  get  the  same  mixture  every  day,  hut 
the  aim  is  to  hold  it  as  near  as  possible  to  a  uniform  mixture.  On 
giving  the  men  a  bonus  for  good  recovery  of  metal,  and  giving 
them  as  nearly  as  possible  a  uniform  charge  to  work,  they  be¬ 
come  especially  skilled  in  handling  that  charge,  and  this  has  re¬ 
sulted  in  great  economy  at  some  works.  As  to  iron  the  desire 
is  to  keep  it  down  as  far  as  possible,  for  while  it  does  take  up 
sulphur  from  what  zinc  sulphide  there  remains  in  the  ore  and 
thereby  liberates  the  zinc  that  it  may  be  regained,  it  is  evident  that 
where  the  ore  was  not  roasted  to  under  sulphur  by  weight, 
that  in  a  charge  carrying  from  one  to  two  per  cent,  iron  there 
will  be  considerable  iron  sulphide  formed  to  attack  the  clay  re¬ 
torts,  eating  holes  through  them  and  thus  causing  losses  of  metal. 

After  the  proper  quantities  of  fuel  and  different  grades  of 
ore  have  been  measured  out,  water  is  squirted  over  the  whole  mass 
and  it  is  thoroughly  mixed  by  turning  over  and  over,  either  by 
hand  or  bv  machine.  While  water  has  a  verv  detrimental  effect 
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in  the  retort,  it  is  applied  in  the  charge  as  this  is  the  only  way 
in  which  the  ore  and  the  fuel  can  be  held  together  after  being 
mixed.  If  water  was  not  applied,  the  ore  being  much  finer  than 
the  fuel,  and  also  much  heavier,  would  gradually  work  to  the 
bottom  of  the  car  containing  the  charge,  due  to  the  jarring  it 
receives  during  transportation  to  the  reducing  furnaces,  and  also 
in  charging  it  into  the  retorts.  It  is  of  the  greatest  importance 
that  nothing  of  this  kind  occurs,  as  the  degree  of  success  of  the 
reduction  process  depends  more  on  the  thorough  mixture  of  the 
ore  and  fuel  than  on  anything  else  excepting  the  proper  regula¬ 
tion  of  the  temperatures.  After  mixing,  the  charge  is  stored  in 
cars  until  the  time  for  charging  the  furnace  comes  about.  In 
winter  these  cars  should  be  kept  indoors  or  else  considerable 
trouble  is  caused  by  the  charge  freezing  hard. 

The  effect  of  poor  mixing  will  be  referred  to  later  on. 

the  reduction  of  the  ore. 

After  the  charge  has  been  prepared,  and  the  reducing  fur¬ 
naces  were  cleaned  from  the  residuum  of  the  preceding  day’s 
charge,  the  ore  is  brought  before  the  furnace  in  metal  cars  and 
is  shoveled  from  the  ears  into  the  retorts,  care  being  exercised  not 
to  pack  it  in,  so  as  to  interfere  with  the  passage  of  the  vapors  and 
gases.  A  vent  or  channel  is  made  at  the  top  of  the  retort  by 
inserting  an  iron  bar  along  the  top  of  the  charged  retort  and 
then  withdrawing  it.  The  charge  car  travels  along  the  face  of 
the  furnace  as  the  charging  progresses  until  it  has  passed  along 
the  entire  length  of  the  furnace.  Following  behind  the  car  come 
the  men  who  place  the  condensers  up  into  the  retorts,  and  lute 
the  joint  with  fire  clay.  The  mouth  of  each  condenser  is  plugged 
with  loam,  which  is  a  mixture  of  coal  dust  and  earth.  After  the 
whole  of  the  furnace  has  been  charged,  generally  about  eleven 
o’clock  in  the  morning,  the  temperature  is  brought  up  to  the 
proper  degree  and  the  reducing  process  begins.  Drawing  No. 
5  shows  a  view  of  a  retort  and  a  condenser  separated  and  also 
a  sectional  view  of  the  two  places  together,  showing  the  charge 
in  the  retort,  the  plugging  in  the  end  of  the  condenser  and  the 
accumulation  of  metallic  zinc  in  the  condenser.  Drawing  No.  6 
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shows  a  cross-section  of  a  modern  reducing1  furnace,  which  in 
practice  is  known  as  a  block,  and  consists  of  two  complete  fur¬ 
naces,  placed  back  to  back.  There  are  four  rows  of  retorts  in 
height  and  forty  in  length,  making  160  retorts  per  furnace,  c-r  320 
per  block.  This  represents  the  most  economical  type  of  natural 
gas  fired  furnaces.  Formerly  they  were  made  five  rows  high  ami 
sixty-four  long,  making  320  retorts  per  furnace,  or  640  per 
block,  but  were  found  to  be  both  too  high  and  too  long  for  the 
proper  regulation  of  heat  with  natural  gas  firing.  However,  for 
producer  gas  firing,  furnaces  are  made  much  larger  than  either 
of  these ;  in  fact,  there  are  producer  gas  furnaces  in  existence 
having  almost  1,000  retorts  per  block.  They  are  six  rows  high, 
and  were  not  found  economical,  and  were  partly  closed  up  until 
only  420  retorts  remained  for  each  furnace,  or  840  per  block. 
This  seems  to  be  the  most  economical  furnace  for  producer  gas 
firing. 


Referring  again  to  Drawing  Xo.  5,  we  can  follow  through 
the  reducing  process  with  this  illustration.  The  ore  and  coal 
were  charged  into  the  retort  at  the  time  when  the  temperature 
of  the  furnace  was  at  its  lowest,  and  when  the  inside  of  the  open 
and  empty  retort  recorded  a  temperature  of  1400  degrees.  After 
the  charging  and  placing  of  the  condenser  the  temperature  is 
gradually  raised,  evaporating  the  moisture  and  the  water  in  the 
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charge,  which  is  driven  out  of  the  mouth  of  the  condenser  bv 
the  gases  arising  from  the  coal.  Not  long  after  the  operation 
has  commenced,  the  coal  gases  come  out  of  the  mouth  of  the  con¬ 
denser  hot  enough  to  burn  on  coming  in  contact  with  the  oxygen 
of  the  air.  The  temperature  of  the  charge  raises  very  rapidly 
until  it  is  to  the  necessary  degree  for  reducing  the  zinc  at  about 
2300  degrees.  The  carbon  in  the  retort  must  come  in  contact 
with  the  zinc  oxide  to  take  up  the  atom  of  oxygen  and  thereby 
liberate  the  zinc  which  passes  forward  as  a  vapor,  together  with 
the  carbon  monoxide.  The  carbon  monoxide  passes  out  of  the 
mouth  of  the  condenser  and  there  burns,  uniting  with  the  second 
atom  of  oxygen.  The  zinc  vapors  should  not  pass  out  of  the  mouth 
of  the  condenser.  However,  some  of  the  vapors  do  and  unite  again 
with  oxygen  on  coming  into  the  air.  The  combustion  of  the 
zinc  gives  a  greenish  white  flame  at  the  mouth  of  the  condenser, 
and  it  is  upon  the  starting  of  this  flame  that  the  furnace  men 
know  that  the  reduction  has  begun.  The  condensers  project  out 
of  the  furnace  and  have  not  the  high  temperature  of  the  retorts. 
The  zinc  vapor  from  the  retort  on  coming  into  the  condensers, 
condenses  into  fine  drops  of  metallic  zinc  which  collect  on  the 
bottom  of  the  condenser.  The  regulation  of  the  temperature 
both  in  the  retort  and  in  the  condenser  is  of  great  importance,  as 
should  the  temperature  of  the  condenser  be  too  low  the  zinc  will 
condense  in  crystals  like  snow.  There  are  always  inert  gases  and 
some  carbon  dioxide  in  the  retorts  and  condensers,  and  the  finely 
divided  particles  of  the  condensing  vapors,  on  coming  into  a 
lower  temperature,  have  just  so  much  greater  affinity  for  the 
extra  atom  of  the  carbon  dioxide  which  results  that  these  crystals 
or  flakes  are  small  bodies  of  metallic  zinc  enclosed  in  a  covering 
or  coating  of  oxide.  To  recover  this  metal  it  is  first  necessary 
to  get  rid  of  the  oxygen  in  the  coating  before  the  metallic  zinc 
can  be  melted  or  vaporized.  This  is  done  by  recharging  these 
flakes  or  crystals  with  carbon  and  repeating  the  reducing  pro¬ 
cess.  These  flakes  are  known  in  practice  by  the  term  ‘‘blue- 
powder,”  as  is  almost  every  other  thing  which  can  be  recharged 
into  the  retorts. 

The  reduction  of  the  zinc  oxide  is  not  accomplished  by 
bringing  carbon  monoxide  in  contact  with  the  roasted  ore  in  the 


I’APER  BY  A.  J.  DIESCIIER. 


99 


retort,  unless  the  temperature  therein  is  very  high.  Then  the  car¬ 
bon  monoxide  will  take  up  the  atom  of  oxygen  from  the  zinc, 
and  unless  this  atom  of  oxygen  is  passed  on  to  other  carbon, 
forming  two  particles  of  carbon  monoxide,  the  carbon  dioxide 
will  give  back  to  the  zinc  vapors  the  extra  atom  of  oxygen  when 
this  vapor  has  been  pushed  forward  into  the  condenser  and  be¬ 
comes  cooler,  when  it  again  has  a  great  affinity  for  oxygen.  It 
is  this  which  tends  to  produce  so  much  blue  powder  in  the  con¬ 
densers.  It  is  evident  that  any  steps  taken  to  keep  the  tempera¬ 
ture  of  the  condensers  at  that  point  where  the  zinc  will  condense 
without  too  much  of  a  drop  will  result  in  greater  economy.  To¬ 
day  at  some  of  the  works  a  high  wind  getting  through  the  win¬ 
dows,  doors  or  other  openings  into  the  buildings  will  result  in 
the  production  of  a  larger  amount  of  blue  powder  and  less  spel¬ 
ter.  Going  back  to  the  carbon,  it  is  shown  in  practice  that  the 
ore  must  come  in  contact  with  the  carbon  to  be  reduced.  This 
can  only  be  accomplished  by  a  thorough  mixture  of  the  ore  and 
carbon  in  the  mixing  department.  There  is  trouble  caused  in  the 
retorts  by  what  is  known  as  the  formation  of  “green  balls,” 
which  consist  of  (juantities  of  ore  about  as  large  as  a  man’s  fist, 
sometimes  larger  and  sometimes  smaller,  with  which  there  has 
been  no  carbon  mixed.  This  having  been  charged  into  the  fur¬ 
nace  is  found  on  extracting  the  residuum  from  the  retorts,  and 
comes  out  in  the  form  of  a  caked  mass.  On  analyzing  this  it  is 
found  to  have  the  same  zinc  contents  as  the  original  ore.  Since 
it  was  in  the  furnace  for  the  greater  part  of  twenty- four  hours, 
constantly  surrounded  and  very  likely  penetrated  to  some  ex¬ 
tent,  bv  carbon  monoxide  gases  which  are  constantlv  formed  in 
the  retort,  it  may  be  considered  as  very  strong  evidence  that  car¬ 
bon  monoxide  does  not  bring  about  the  reduction  in  the  retort. 

The  reduction  begins  about  eleven  o’clock  every  morning. 
The  temperature  is  gradually  increased  as  the  amount  of  zinc 
in  the  ore  becomes  less.  About  3  P.  M.  there  is  enough  metal 
in  the  condensers  to  collect  it.  At  this  time  about  one-half  of 
the  zinc  contained  in  the  ore  has  come  over  into  the  condensers, 
and  is  collected  by  a  man  called  a  drawer.  He  taps  the  con¬ 
densers  by  scraping  the  plugging  material  from  the  mouth  and 
then  by  means  of  special  tapping  bars,  reaches  into  the  condenser 
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and  scrapes  out  the  molten  metal  and  also  the  accumulated  blue 
powder.  He  gathers  the  metal  in  a  ladle,  which  holds  about 
three  hundred  po  unds,  and  which  either  travels  on  a  trolley  or 
on  a  car.  The  blue  powder  is  skimmed  off  the  ladle  and  is  shov¬ 
eled  aside  in  a  heap  to  be  remixed  and  recharged  the  next  day, 
when  about  one-fourth  of  each  furnace  is  charged  with  such 
powders,  sweepings,  etc.  The  spelter  which  is  gathered  at  this 
time  is  known  as  first  draw  spelter,  and  is  the  purest  grade. 
However,  it  is  higher  in  cadmium  than  the  second  or  third  draw 
spelters.  It  is  considered  the  best  as  it  is  lowest  both  in  lead  and 
iron.  Cadmium  vaporizes  at  a  lower  temperature  than  zinc,  and 
accordingly  goes  over  into  the  condenser  in  the  earlier  stage  of 
the  operation  when  the  condensers  are  rather  low  in  temperature 
and  the  inert  gases  most  abundant.  It  is  at  this  time  that  most 
blue  powder  is  formed,  and  as  would  be  expected  the  spelter 
which  is  highest  in  cadmium  is  the  spelter  recovered  by  reducing 
the  blue  powder.  However,  as  between  the  different  draws  of 
metal,  the  first  is  highest  in  cadmium,  the  second  less  and  the 
third  lowest.  The  second  is  purer  than  the  third  as  regards  both 
lead  and  iron,  although  it  is  considerable  higher  in  these  metals 
than  the  first  draw.  The  third  draw  is  highest  in  lead  and  iron. 
This  is  due  to  the  fact  that  it  is  necessary  to  increase  the  tempera¬ 
ture  of  the  retort  as  the  zinc  contents  of  the  ore  decreases,  and 
as  the  temperature  increases  there  is  more  lead  vaporized  and 
carried  over  to  the  condenser  and  condensed  with  the  zinc.  The 
same  regal  ding  the  iron. 

The  second  draw  is  made  about  io  p.  m.  and  the  third  from 
3  to  4  o'clock  the  next  morning.  After  this  time  the  condensers 
are  all  taken  down  and  cleaned,  the  residuum  is  blown  or  scraped 
out  of  the  retorts  and  the  new  change  inserted.  At  this  time  all 
bad  or  broken  retorts  are  withdrawn  and  new  ones  inserted  into 
the  furnace. 

The  metal  recovered  from  the  ore  in  the  different  draws  are 
used  for  different  purposes.  The  first  draw  metal  is  sold  to  a 
great  extent  for  brass  making  while  such  of  it  as  remains  after 
satisfying  the  demand  for  this  purpose,  goes  with  the  second 
and  third  draws  for  galvanizing.  For  rolling  into  sheets  or  bars 
the  first  and  second  draws  are  melted  in  a  furnace,  which  while 


PAPER  BY  A.  J.  DIESCHER. 


101 


called  a  refining  furnace  only  acts  as  a  metal  mixer  producing  a 
more  uniform  average  grade  of  metal  for  the  rolls. 

About  50  per  cent,  of  the  metal  is  drawn  at  the  first  draw, 
33  per  cent,  at  the  second  and  the  remaining  17  per  cent,  at  the 
third  draw.  A  recovery  of  87  per  cent,  of  the  zinc  contained  in 
the  ore  is  considered  very  good  practice.  At  times  this  recovery 
is  exceeded  and  at  others  it  is  not  reached.  The  principal  losses 
are  due  to  vapors  passing  out  of  the  condenser  mouths  and  pass¬ 
ing  away  as  zinc  oxide,  the  metal  absorbed  by  the  retorts  and 
allowed  to  pass  through  them  to  the  furnace,  the  metal  escaping 
due  to  holes  eaten  through  the  retorts  by  the  iron  in  the  ore, 
metal  held  in  the  slag  which  accumulates  in  the  retort  during  the 
time  of  reducing  and  also  the  metal  remaining  in  the  residuum  of 
the  charge  after  the  completion  of  the  process. 

The  residuum  contains  about  10  per  cent,  of  its  weight  in 
zinc  and  constitutes  the  most  important  item  of  loss.  The  zinc 
escaping  from  the  mouths  of  the  condensers  requires  special  sheet 
metal  prolongs  to  be  placed  over  the  ends  of  the  condensers  to 
catch  the  scaping  zinc.  However,  as  every  condenser  and 
every  prolong  must  be  taken  down  each  day,  the  extra  cost 
of  labor,  as  well  as  the  original  cost  of  the  prolongs,  does 
not  justify  this  method  of  catching  this  zinc.  The  second 
loss  in  importance  is  the  loss  of  metal  that  takes  place  the  first 
few  days  that  new  retorts  are  charged.  The  fire  clay  retorts 
when  destroyed  by  excessive  heat  or  bv  the  iron  in  the  ore,  arc 
removed  from  the  furnaces  and  new  ones  put  in  their  places. 
The  first  day  no  charge  is  placed  in  the  retort  due  to  the  chances 
of  the  retort  cracking  before  it  is  thoroughly  burned  in  the  fur¬ 
nace.  They  are  charged  the  second  day  and  during  the  following 
week  absorb  and  pass  off  to  the  furnace  about  thirty-six  pounds 
of  zinc.  After  this  time  the  amount  of  zinc  escaping  through 
the  retort  is  a  very  small  and  constant  amount.  The  metal  which 
is  absorbed  does  not  remain  in  the  clay  walls  of  the  retort  but 
passes  through  and  burns  up  in  the  furnace  and  can  be  noticed 
at  the  smoke  stack.  There  are  about  eight  retorts  lost  daily  per 
furnace  of  320  retorts,  and  when  it  is  considered  that  some  of  the 
works  have  as  many  as  thirty  furnaces,  the  loss  from  this  cause  is 
enormous,  amounting  to  between  three  and  four  hundred  dollars 
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per  day.  The  only  way  to  reduce  this  loss  is  to  make  a  denser 
retort,  and  to  handle  them  with  greater  care.  Considerable  zinc 
is  taken  up  by  the  condensers  but  that  is  mostly  molten  spelter 
which  enters  the  porous  clay.  Spelter  so  absorbed  is  not  neces¬ 
sarily  a  loss  since  when  these  condensers  give  out  the  inside  half 
inch  of  the  clav  walls  is  chipped  out,  and  crushed  up  and  mixed 
with  the  blue  powder  and  is  charged  into  the  furnace  to  be  re¬ 
worked.  About  fifty  condensers  are  required  daily  for  a  640  re¬ 
tort  block.  They  are  made  of  a  poorer  grade  of  clay  than  that 
of  which  the  retorts  are  made,  as  they  are  not  subjected  to  the 
same  heat  as  the  retorts  are.  Wherever  the  iron  eats  holes  th  tough 
the  retorts  the  gases  and  the  zinc  vapors  can  escape  into  the  fur¬ 
nace,  and  out  of  the  stack  provided  the  air  and  gas  pressure 
in  the  furnace  is  not  too  great,  in  which  case  the  gases  and  zinc 
vapors  are  blown  out  of  the  mouths  of  the  condensers  with  more 
force  than  is  exerted  at  the  rest  of  the  retorts.  In  this  manner 
the  furnace  men  can  detect  the  damaged  retorts  during  the  smelt¬ 
ing  process. 

After  the  third  draw  is  made  the  furnaces  are  cleaned.  This 
is  done  by  taking  down  all  of  the  condensers,  setting  them  on 
their  ends  and  shaking  out  the  oxide,  etc.,  hanging  in  them.  At 
some  of  the  works  long  iron  bars  are  use  to  scrape  out  the 
residuum  (ashes)  and  the  slag  from  the  retorts,  while  others  apply 
a  simpler  method  which  at  the  same  time  is  a  very  hard  one  on 
the  retorts.  They  have  a  traveling  shield  suspended  from  a 
trolley  track  before  the  furnace.  Through  this  shield  there  is  a 
vertical  row  of  holes  corresponding  to  the  row  of  retorts.  A  pipe 
nozzle  attached  to  a  hose  is  inserted  through  the  hole  and  into 
the  retort.  A  jet  of  water  is  injected  into  the  retort  while  it  is 
very  hot,  this  water  turns  into  steam  and  blows  out  the  residuum 
against  the  shield  from  where  it  falls  through  chutes  to  the  cellar 
or  tunnel  under  the  furnace.  This  method  is  very  hard  on  the 
retorts  and  does  not  blow  out  all  of  the  slag  which  remains  be¬ 
hind  to  take  up  much  valuable  room  and  to  interfere  with  the 
heating. 

To  produce  zinc  from  the  spelter  the  most  economical  way  is 
to  re-distill  the  spelter  in  special  refining  furnaces.  These  refining 
furnaces  are  in  all  respects  similar  to  the  reducing  furnaces  with 
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the  exception  that  the  retorts  are  inclined  downward  in  the  fur¬ 
nace,  which  is  the  opposite  to  the  inclination  of  the  retorts  in  the 
reducing  furnace.  The  condensers  should  have  a  dam  on  the 
butt  end  to  prevent  the  zinc  from  running  back  into  the  retort. 
Spelter  is  charged  into  the  retorts  in  the  form  of  bars  which  are 
passed  though  the  condensers  to  the  retort.  The  zinc  vaporizes 
and  passes  over  to  the  condenser  at  a  much  lower  temperature 
than  is  required  in  the  reducing  furnace.  The  impurities  or  con¬ 
taminating  metals  remain  behind  in  the  retort,  and  are  discharged 
after  a  considerable  amount  has  accumulated. 

The  principal  product  of  the  smelters  is  spelter  and  not  zinc. 
The  amount  of  zinc  used  in  this  country  would  only  require  about 
six  weeks’  time  for  either  one  of  the  two  largest  smelters  to 
produce  that  amount. 

In  presenting  this  paper,  the  object  in  view  was  not  only  to 
describe  the  process  of  smelting  zinc  ores,  but  also'  to  call  atten¬ 
tion  to  an  industry,  which  when  combined  with  the  manufacture 
of  sulphuric  acid  as  a  by-product,  is  one  especially  adapted  to  the 
natural  and  trade  advantages  which  we  possess  in  Pittsburgh. 

We  not  only  have  an  abundance  of  fuel  and  good  shipping 
facilities,  but  in  our  manufacturing  plants  an  enormous  amount 
of  spelter  and  acid  is  used  daily,  especially  in  such  branches  of 
the  steel  industry  where  the  product  is  galvanized. 

There  is  everv  reason  to  believe  that  the  zinc  industrv,  in 
connection  with  the  manufacture  of  sulphuric  acid,  shall  become 
one  in  which  Pittsburg  ranks  as  leader ;  the  same  position  as  we 
now  occupy  in  the  steel  and  glass  industries.  We  have  such  ad¬ 
vantages  that  such  a  work  once  established  in  this  district,  and 
properly  managed,  need  fear  no  competition  from  plants  located 
outside  of  the  Pittsburgh  district. 


DISCUSSION. 

Mr.  Camp — If  there  are  any  points  not  made  clear  to  the 
members  in  this  very  thorough  paper,  Mr.  Diescher  would  be  glad 
to  bring  them  out. 

Mr.  Hirsch — I  would  like  to  ask  Mr.  Diescher  the  size  of 
the  retorts  in  Figure  5. 
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Mu.  Diescher — The  retorts  are  ii|"  diameter  outside,  8£" 
inside,  and  from  48"  to  5 2"  Ion",  according  to  the  practice  at  the 
different  works.  Each  retort  gives  daily  about  25  pounds  of 
spelter  per  day.  I  think  the  largest  works  in  the  country  has 
10,000  retorts ;  another  has  over  9,000.  In  all  there  arc  about 
40,000  retorts  in  the  country. 

Mr.  Sh iras^ — I  would  like  to  ask  what  proportion  of  fuel  and 
ore  is  used  in  the  retort. 

Mr.  Diescher — In  roasting  the  green  ore,  the  fuel  required, 

• 

where  they  use  producer  gas,  is  about  equal  in  weight  to  the  ore. 
For  the  entire  process,  using  producer  gas  both  in  the  roasting 
furnaces  and  also  in  the  reducing  furnaces  from  five  to  six  tons 
of  fuel  are  required  per  ton  of  spleter  produced.  It  takes  about 
two  tons  of  ore  to  give  one  ton  of  spelter.  As  to  the  coal  in  the 
charge,  some  works  mix  about  an  equal  weight  of  coal  to  the 
weight  of  ore ;  however,  an  excessive  amount  of  coal  in  the  charge 
is  not  necessarily  a  waste,  because  they  crush  the  coal  so  as  to 
pass  through  a  screen  and  screen  the  residuum  through  a 
screen.  All  over  is  coke  and  is  used  over.  If  they  would  crush 
it  finer  it  would  be  a  waste.  The  only  oxygen  in  the  retort  is  the 
oxygen  combined  with  the  zinc.  Only  so  much  fuel  is  consumed 
as  is  required  to  unite  with  that  oxygen. 

Mr.  Wilkins — Do  they  use  anthracite  or  soft  coal? 

Mr.  Diescher — In  some  of  the  works  they  use  anthracite 
dust;  in  other  works  they  use  what  is  known  as  a  “dead”  coal. 
Tbe  Illinois  plants,  as  a  rule,  buy  up  the  anthracite  dust  from  the 
coal  yards  of  Chicago  and  Cleveland  and  use  that.  It  is  a  better 
grade  of  coal ;  there  is  less  sulphur  in  it,  which  is  an  important 
thing ;  less  ashes  than  there  are  in  this  “dead”  coal ;  and  it  results, 
in  somewhat  less  slag  in  the  retorts. 

Mr.  Anderson — Is  the  coal  from  the  Pittsburgh  District 
satisfactory  ? 

Mr.  Diescher — Yes,  coal  from  the  Pittsburgh  district  would 
be  good  for  smelting.  The  coal  they  use  is  the  very  top  layer 
from  the  surface  mines  of  Kansas  and  contains  very  much  foreign 
matter.  They  dc  not  pay  the  attention  to  getting  a  good  grade  of 
coal  that  they  ought  to.  For  some  reason  some  of  the  smelters 
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are  very  backward  about  interfering*  with  the  coal ;  they  claim  the 
men  are  accustomed  to  working  with  that  coal  and  if  they  gave 
them  a  different  quality  it  might  be  a  disturbing  element  as  to 
economical  working.  The  works  you  mention  are  located  near 
the  lake  district  and  they  prefer  to  use  the  anthracite  dust  rather 
than  the  soft  coal.  They  both  have  also  their  own  soft  coal  mines. 
There  is  another  point  about  the  Illinois  and  the  M.  &  H.  plants 
that  Mr.  Wilkins’  remark  reminds  me  of.  That  is  their  location 
away  from  the  ore  supply.  It  takes  about  two  tons  of  ore  to  give 
one  ton  of  spelter.  The  best  practice  is  to  recover — well,  anyways 
from  1040  to  1100  pounds  of  spelter  to  a  ton  of  ore.  Now  the 
freight  rate  on  ore  is  almost  the  same  as  the  freight  rate  on  spelter. 
The  Kansas  smelters  are  all  located  within  100  miles  of  Joplin. 
They  were  formerly  located  nearer  to  Joplin,  but  have  gone  farther 
away  on  account  of  the  discovery  of  the  gas  fields,  but  still  in  ship¬ 
ping  the  ore  instead  of  the  spelter,  using  producer  gas  for  firing, 
the  Illinois  plants  earn  larger  profits  than  the  other  plants  do. 

Mr.  Wilkins — Do  you  think,  if  you  have  to  bring  two  tons 
of  ore  to  Pittsburgh  as  against  one  ton  of  spelter,  would  that  be  a 
financial  success? 

Mr.  Diescher — Sixty  per  cent,  ore  contains  from  500  to 
600  lbs.  sulphur  and  from  this  sulphuric  acid  is  made  as  a  by-pro¬ 
duct.  Out  West  they  have  no  market  for  the  acid.  In  Pittsburgh 
they  have  a  very  good  market  for  it  at  from  $13  to  $14  per  ton  6o° 
acid  against  $7  to  $8  in  the  W est.  For  this  reason  it  is  more  eco¬ 
nomical  to  ship  the  ore  here  and  recover  the  spelter  and  agd 
from  it. 

Mr.  Wilkins — Well,  1  know  that  the  Illinois  Company  went 
into  the  fertilizer  business  in  order  to  get  rid  of  their  by-product 
of  sulphuric  acid. 

Mr.  Diescher — Yes.  The  farmers  claim  the  soil  out  in  Kan¬ 
sas  has  not  been  worked  long  enough  and  they  do  not  need  a  fer¬ 
tilizer,  so  the  acid  cannot  be  applied  to  that  purpose  for  some  time 
to  come. 

Mr.  Wilkins — Well,  I  know  the  sale  of  the  fertilizer  goes 
very  largely  towards  the  profits  of  those  works  out  there. 

Mr.  Diescher — Well,  that  is  at  the  Illinois  works.  The 
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greatest  points  for  the  consumption  of  fertilizer  are  in  Illinois  and 
Indiana.  In  Pittsburgh  there  are  used  over  200  tons  of  spelter  per 
dav,  and  from  250  to  300  tons  of  acid.  The  principal  consumers 
of  acid  in  Pittsburgh,  are  the  galvanizers,  and  they  also  use  the 
spelter. 

Mr.  Anderson — Do  they  use  the  sulphuric  acid  for  fertilizer 
throughout  this  part  of  the  country? 

Mr.  Di  esc  her- -Yes,  but  it  could  be  used  here  to  better  ad- 
vantage  for  other  purposes. 

Mr.  Babbit — Are  the  fumes  from  the  muffle  furnace  high 
enough  in  sulphur  to  be  used  for  the  catalytic  process  ? 

Mr.  Diescher — Yes.  In  Germany  several  works  use  the 
catalytic  process  altogether,  and  one  plant  in  Wisconsin  is  using  it ; 
they  are  using  platinum  as  the  contact  material. 

Mr.  Wilkins — I  move  a  vote  of  thanks  to  Mr.  Diescher  for 
/ais  paper.  He  has  treated  a  very  scientific  subject  in  a  very  plain 
manner,  which  everybody  could  understand.  I  think  it  is  an  ad¬ 
mirable  paper. 

Motion  seconded  and  carried  unanimously. 

Mr.  Maury — In  regard  to  the  cost  of  roasting  by  the  two 
processes  for  roasting  the  ore,  what  is  the  difference  between 
them  ? 

Mr.  Diescher — The  difference  in  the  costs  of  roasting,  as 
far  as  fuel  goes  is  somewhat  in  favor  of  the  second  process.  The 
principal  difference  is  the  difference  resulting  from  the  interest  on 
a  larger  investment  and  also  in  the  labor  charges  for  operating 
furnaces  of  the  different  types.  Now  take  a  muffle  furnace ;  the 
output  of  the  furnace  shown  is  about  42  tons  of  roasted  ore.  corre¬ 
sponding  to  50  tons  of  green  ore,  per  day.  It  takes  6  men  to 
handle  it  per  12-hour  shift,  or  12  men  per  every  24  hours.  In  the 
West  they  are  paid  about  $1.90,  so  it  would  be  less  than  $.50  per 
ton  for  labor.  In  either  of  the  other  two  types  of  machine  fur¬ 
naces  one  man  will  handle  two  furnaces  for  one  turn  of  12  hours, 
which  would  be  one  man  per  furnace  for  24  hours,  at  $2.00  per 
day.  They  roast  about  40,000  pounds  of  green  ore,  or  20  tons,  per 
day.  That  would  be  20  tons  handled  by  one  man  for  $2.00.  which 
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would  be  ioc  per  ion,  against  50c  per  ton  in  the  former  case.  This 
is  for  the  actual  roasting  and  does  not  include  handling  ore  to  or 
from  the  furnace. 

Mr.  Wilkins — I  am  a  little  disappointed  that  you  did  not 
give  a  plan  of  some  of  the  works  that  you  have  in  your  mind, 
showing  how  the  labor  charges  have  been  reduced.  I  notice  at 
some  of  the  Illinois  plants  the  labor  charge  is  simply  immense. 
Another  thing  I  have  noticed  out  there ;  they  do  not  seem  to  have 
discovered  that  there  are  drop-bottom  cars.  They  get  their  ore  in 
box  cars  and  have  to  shovel  it  out  by  hand,  and  instead  of  shovel¬ 
ing  it  into  the  bins  at  once  they  take  it  around  to  the  tracks  that 
they  have  especially  for  it.  1  think  they  do  not  intend  to  reduce 
the  labor  charges. 

Mr.  Diescker — No,  there  has  been  nothing  done  in  that 
way,  for  this  reason.  The  mining  of  ore  is  carried  on  by  a  large 
number  of  miners.  They  can  not  get  a  full  carload  of  one  grade 
of  ore.  A  miner  will  sell  his  ore  as  soon  as  he  has  a  cart  load 
or  so  of  it,  and  the  ore  from  every  mine  is  different.  In  fact  the 
ore  from  day  to  day  in  one  mine  will  be  different ;  so  it  is  impos¬ 
sible  to  get  a  carload  of  ore  that  you  could  take  in  a  hopper  car 
and  not  divide  it  off.  And  then  there  are  few  hopper  cars  in  the 
west.  There  is  this  one  point  that  must  be  considered ;  the  lonage 
handled  at  one  of  those  works  is  so  small — take  the  M.  8z  H. 
works,  I  do  not  think  they  handle  more  than  about  120  tons  of 
green  ore  per  day  and  it  is  handled  so  often  and  over  such  an  im¬ 
mense  space  in  the  plant  that  the  cost  of  installing  conveying 
machinery  or  systems  is  so  great  that  the  interest  on  the  invest¬ 
ment  is  more  than  can  be  saved  by  the  installation.  If  the  plant 
was  to  be  rebuilt  and  arranged  so  that  a  narrow  gauge  system 
could  be  used  it  would  be  all  right,  but  the  present  plants  are  so 
arranged  that  it  is  a  hard  thing  to  install  an  efficient  narrow  gauge 
system.  If  you  were  designing  a  new  plant  it  would  be  all  right 
to  use  a  narrow  gauge  system. 

A  question  was  here  asked  as  to  the  continuance  of  the  ore 
supply  and  what  guarantee  there  was  as  to  the  supply. 

Mr.  Di esc: iter — The  only  guarantee  you  have  as  to  output  of 
the  mines  is  simply  to  look  back  over  the  output  for  years  and 
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years  and  that  the  output  has  been  increasing  right  along.  There 
is  one  point  that  I  wish  to  sj>eak  of  further  and  that  is  in  reference 
to  the  western  ores.  They  are  by-products  from  gold  and  silver 
mines  that  have  accumulated  for  years.  The  miners  could  not 
sell  these  ores  as  the  smelters  would  not  buy  them,  although  they 
contain  as  high  as  20  ounces  of  silver  and  sone  gold.  The  zinc 
content  is  so  high  as  to  cause  great  losses  in  the  working  of  the 
ores,  for  gold  and  silver.  As  the  smelters  would  not  buy  them, 
the  miners  stacked  them  up  outside  the  mines.  Ores  containing 
above  40  per  cent,  zinc  can  be  treated  but  anything  under  40  per 
cent,  is  not  found  bv  the  smelters  to  be  worth  working.  There 
are  great  quantities  of  the  low  grade  ore  throughout  the  west  and 
of  late  years  there  have  been  investigations  made  to  find  out  some 
way  of  recovering  the  zinc  ore  from  these  ores  of  less  than,  say 
30  to  35  per  cent,  zinc,  separating  or  eliminating  the  iron  and 
lead.  If  that  can  be  done  there  is  an  enormous  field  in  the  West 
for  ore. 

Mr.  Babbit — Would  there  be  much  demand  for  bag-house 
product,  or  is  it  too  fine? 

Mr.  Diescher — No:  if  you  could  get  it  free  from  lead  it 
would  be  all  right,  but  is  too  fine  to  smelt.  It  could  bo  smelted 
if  you  would  break  in  a  crew  of  men  into  working  it,  but  I  remem¬ 
ber  of  one  case  where  they  sent  back  to  the  smelter,  over  500 
pounds  of  dross  from  a  refining  furnace.  It  was  charged  into  the 
reducing  furnace  and  they  got  out  but  25  pounds  of  metal  as  the 
men  were  not  skilled  in  working  it. 

Mr.  Babbit — Where  we  had  20  per  cent,  zinc  and  9  per  cent, 
copper  in  the  ore,  half  of  that  zinc  goes  ofif  as  fumes.  Now  would 
that  be  bad,  even  for  ordinary  reduction  purposes  if  caught  in  a 
bag  room  ? 

Mr.  Diescher — No,  if  you  could  get  a  constant  supply  of  it 
they  would  scon  learn  how  to  work  it.  (Showed  sample  of  zinc 
oxide  made  from  the  ashes  of  the  reducing  furnace.) 

Mr.  Flanagan — What  is  the  difference  between  the  Ropp 
furnace  and  the  Edgar  furnace? 

Mr.  Diescher — The  Edgar  Zinc  Works  have  the  Brown 
furnace. 
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Mr.  Flanagan — -What  is  the  difference  between  it  and  the 
Zellweger  furnace? 

Question  answered  by  Mr.  Diescher  illustrating  on  black¬ 
board. 

Mr.  Yardsley — What  would  be  the  investment  required  for 
a  plant  such  as  you  would  propose  to  put  in  the  Pittsburgh  dis¬ 
trict  ? 

Mr.  Diescher — The  investment  for  works,  making  32  tons 
of  spelter  and  60  tons  of  sulphuric  acid  daily,  would  be  from 
$400,000  to  $425,000  in  Pittsburgh,  without  working  capital. 

Mr.  Yardsley — There  are  some  plants  out  there  that  manu¬ 
facture  the  sulphuric  acid  as  a  by-product  of  zinc  ores. 

Mr.  Diescher — Yes,  they  get  about  $7.00  to  $8.00  per  ton 
for  their  acid. 

Mr.  Yardsley — What  is  the  working  capital  ? 

Mr.  Diescher — About  $150,000. 

Mr.  Yardsley — How  many  men  would  it  require  to  oper¬ 
ate  it? 

Mr.  Diescher — In  this  plant  there  would  be  required  200 

men. 

Mr.  Yardsley — What  is  the  price  of  zinc? 

Mr.  Diescher — Last  year  the  average  price  was  5.4c  per 
pound. 

Mr.  Camp — Before  a  motion  to  adjourn  is  in  order,  I  wish 
to  announce  that  at  the  Board  meeting  last  Saturday  Mr.  Worth¬ 
ington  was  elected  a  member  of  the  Board  to  fill  the  unexpired 
term  of  the  late  Mr.  S.  M.  Taylor. 

Motion  to  adjourn  seconded  and  carried. 

Charles  W.  Ridinger, 

Secretary. 
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CHEMICAL  SECTION. 

Pittsburgh,  Pa.,  February  18,  1904. 

The  regular  monthly  meeting  of  the  Giemical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  this  even¬ 
ing  with  the  Pittsburgh  Section  of  the  American  Chemical  So¬ 
ciety  at  the  rooms  of  the  Engineers’  Society  at  410  Penn  Avenue. 

Mr.  H.  E.  Walthers,  Chairman,  presided.  The  minutes  of 
the  December  and  January  meetings  were  read  and  approved. 

The  paper  of  the  evening,  ‘‘The  Analysis  of  Grease/’  by  Mr. 
P.  H.  Conradson,  was  read  and  was  very  concise  and  very  much 
enjoyed  and  appreciated  and  will  prove  of  much  value  to  chem¬ 
ists  having  this  class  of  work  to  handle. 

Discussion  followed,  a  number  of  the  members  taking  part 
in  the  discussion. 

A  vote  of  thanks  was  tendered  Mr.  Conradson  for  his  very 
able  paper. 

Xo  further  business  before  the  Society,  on  motion  duly  sec¬ 
onded  adjourned  to  meet  March  17th,  1904. 

George  P.  Maury, 

Secretary . 
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ANALYSES  OF  LUBRICATING  GREASES. 

BY  P.  H.  CONRADSON. 

Franklin,  Pa. 

Members  of  the  Pittsburgh  Section,  American  Chemical  So¬ 
ciety — Gentlemen — Your  President  has  requested  me  to  give  a 
talk  or  paper  on  the  analyses  of  solid  lubricants,  or  as  they  gener¬ 
ally  are  called,  lubricating  greases,  before  this  Section  of  the  So¬ 
ciety.  The  President  in  his  letters  of  request  says,  that  he  desires 
some  papers  by  practical  chemists,  and  that  the  literature  on  the 
subject  ‘‘Grease”  is  not  plentiful. 

A  satisfactory -examination  or  analy  ses  of  lubricating  greases 
is,  to  say  the  least,  tedious  and  complicated,  even  in  a  laboratory 
suitably  equipped  for  this  class  of  work,  and  I  can  readily  appre¬ 
ciate  the  feeling  of  you  practical  chemists,  whose  main  chemical 
work  around  this  section  of  the  country,  is  anything  but  greasy, 
when  your  manager  sends  you  a  tub  of  “grease,”  asking  you  to 
analyze  the  same,  and  tell  him  what  it  is  made  of,  and  if  it  is 
good  for  anything,  and  what,  and  perhaps  how  it  is  made. 

Before  entering  upon  the  chemical  analysis  and  discussion  of 
suitable  methods,  it  might  be  well  as  a  practical  introduction,  to 
sa\r  a  few  words  about  greases  in  general,  so  as  to  acquaint  you 
with  the  multitudinous  materials  or  substances  that  enter,  and  are 
more  or  less  used  in  compounding  the  numerous  kinds  and  classes 
of  lubricating  greases' found  in  the  market. 

The  market  price  for  these  greases  vary,  all  the  way  from 
lj  cents  up  to  15  cents  per  pound,  and  naturally  the  grease  manu¬ 
facturer  uses,  and  has  to  use,  very  cheap  and  inferior  materials  to 
enable  him  to  manufacture  and  sell  at  a  profit,  greases  at  such  low 
figures,  as  the  prices  of  the  cheapest  greases  indicate :  hence,  the 
materials  used  for  such  cheap  compounds  are  to  a  large  extent, 
waste  materials  or  residues  from  petroleum  distillation,  mixed  with 
waste,  fatty  substances,  and  cheap  inert  mineral  matter  of  all 
kinds  and  description :  on  the  other  hand,  the  more  expensive 
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greases  are  generally  compounded  from  good,  pure  materials 
suitable  for  the  purpose. 

However,  it  should  be  borne  in  mind,  that  a  cheap  grease, 
that  is  the  price  of  the  grease,  may  not  be  any  indication  whatso¬ 
ever.  as  to  the  suitability  of  the  grease  for  certain  work,  any  more 
than  the  most  expensive  grease  would  be  any  better  suitable  for 
certain  kinds  of  work. 

Now,  in  making  an  examination  of  a  lubricating  grease,  a 
chemical  analysis  alone  does  not  tell  all  the  story  to  enable  the 
chemist  to*  form  a  proper  conclusion  as  to  the  lubricating  value 
of  the  grease  as  such,  or  in  comparison  with  other  greases,  and 
that  is  just  exactly  what  the  practical  manager  wants  us  to  tell 
him  ;  therefore  to  make  him  an  intelligent  and  practical  report,  a 
further  study  of  the  grease  in  question  is  necessary.  Some  knowl¬ 
edge  of  the  compounding  or  manufacture  of  greases  greatly  facil¬ 
itates  one  in  judging  the  quality  of  the  same. 

I  will  therefore  briefly  touch  upon  a  few  points  that  may  be 
of  interest  or  of  value  to  you. 

The  lubricating  grease  question,  when  it  comes  to  the  com¬ 
parative  lubricating  value  of  the  various  compounds  in  the  mar¬ 
ket,  it  is  a  rather  difficult  one  to  answer  intelligently,  unless  one 
knows  the  special  work  01  kind  of  machinery  the  grease  or 
greases  in  question  are  intended.  Like  everything  else,  one  kind 
or  grade  of  grease  can  not  be  made  that  would  be  equally  good  or 
suitable  for  all  kinds  of  work  or  machinery,  hence  to  make  fair 
comparisons  between  two  greases,  the  essential  point  to  lxar  in 
mind  is  primarily,  “what  kind  or  class  of  machinery  to  be  lubri¬ 
cated,  is  the  grease  intended  ?” 

Without  going  into  any  lengthy  details  as  to  the  various 
kinds  or  classes  of  machinery  for  which  the  various  greases  now 
in  the  market  are  used,  it  will  suffice  to  mention  as  extremes,  the 
slow  running,  heavy,  hot  rolling  machinery  in  iron  and  steel  mills, 
to  the  comparatively  light  and  fast  running  electric  motors.  Nat¬ 
urally  a  grease  suitable  for  hot  neck  journals  in  a  rolling  mill, 
would  not  do  at  all  for  electric  motors,  and  vice  versa. 

Therefore  as  said  above,  to  give  an  intelligent  opinion  as  to 
the  lubricating  value  of  any  grease  in  comparison  with  another 
grease  or  set  of  greases,  the  kind  and  class  of  machinery  and 
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work,  must  be  known  and  taken  into  account  as  a  basis  for  com¬ 
parison,  together  with  the  chemical  composition  and  physical 
properties  or  behavior  of  the  grease  or  greases. 

The  various  greases  in  the  market  may  be  divided  as  regards 
chemical,  physical  and  mechanical  composition  into  four  main 
groups  or  classes,  and  each'  one  of  these  in  as  many  more  sub¬ 
classes  or  divisions : 

First.  Greases  made  with  alkali  soaps,  as  hardener. 

Second.  Greases  made  with  fatty  oil  lime  soaps. 

Third.  Greases  made  with  rosin  oil  lime  soaps. 

Fourth .  Greases  made  both  with  alkali  and  lime  soaps. 

Besides  these  there  are  greases  containing  magnesia,  zinc, 
alumina,  and  lead  soaps.  The  greases  in  each  of  these  main 
groups  vary  greatly  in  composition,  both  in  kind,  quality  and  per¬ 
centage  of  the  various  ingredients  entering  into  the  compounds. 
They  may  contain  from  “none”  up  to  50  to  60  per  cent,  of  bad, 
good  or  indifferent  mineral  matter,  such  as  clay,  chalk,  soap-stone, 
graphite,  lime,  talcum,  etc.,  from  practically  no  water,  up  to  20 
or  30  per  cent. ;  from  4  or  5  per  cent,  up  to  50  or  60  per  cent,  of 
soap ;  from  no  free  fatty  oils  up  to  40  or  50  per  cent,  petroleum 
oils  of  better  or  poorer  quality,  petroleum  residues,  rosin,  oils,  coal 
tar  oils,  etc. 

The  grease  in  consistency  may  be  soft,  medium,  hard  with 
softening  and  melting  points  varying  from  90 — 100 G  F.  up  to  400° 
— 450°  F. 

From  the  above  you  will  readily  appreciate  the  variety  of 
greases  or  solid  lubricants  now  for  sale  in  the  market,  some  good, 
some  indifferent,  and  some  unsuitable  for  the  purpose  for  which 
they  were  intended. 

As  an  intermediate  class  of  lubricants,  between  the  real  solid 
greases,  and  fluid  lubricants  (oils),  we  may  consider  the  so-called 
solidified  oils;  they  have  a  soft  jelly-like  consistency,  which  should 
not  vary  much,  if  any,  within  reasonable  temperature  ranges,  that 
is,  they  should  retain  their  normal  solid  consistency  within  prac¬ 
tical  working  temperature  limits. 

Having  in  the  above  briefly  called  your  attention  to  the  rather 
complex  compounds  that  you  may  be  called  upon  to  examine,  I 
will  now  proceed  to  describe  the  method  or  methods  I  use  in  mv 


PAPER  BY  P.  H.  CONRADSON.  I  I  5 

work,  and  find  them  to  be  more  or  less  satisfactory  from  a  prac¬ 
tical  and  technical  point  of  view.  I  say  practical  and  technical, 
because  to  make  a  complete  and  accurate  chemical  analysis  of 
some  of  the  lubricating  greases  sold,  would,  indeed,  be  a  very 
thankless  and  tedious  task,  unless  you  were  requested  to  make  a 
grease  exactly  similar  in  composition  and  behavior. 

I  generally  submit  lubricating  greases  to  the  following  tests 
and  analyses,  which  enables  me  to  form  a  pretty  good  idea  about 
the  quality  and  composition  of  the  same. 

1.  Consistency  of  the  grease.  Soft,  medium  or  hard. 

2.  Color.  Dark  or  light,  etc 

3.  Odor.  Tarry  or  asphaltic  or  resinous,  etc.  Oftentimes 
the  odor  of  the  grease  gives  quite  an  indication  as  to  the  nature 
of  at  least  some  of  the  materials  that  may  be  present,  principally 
tarry  matter,  and  rosin  oils. 

Behavior  of  grease  when  submitted  to  heat : 

4.  Softening  Point.  The  temperature  at  which  the  grease 
begins  to  become  soft,  when  carefully  warmed  or  heated. 

5.  Insipient  melting  point.  The  temperature  at  which  the 
grease  begins  to  partially  melt,  oftentimes  with  separation  of  the 
oily  or  fatty  matter  from  the  soap  and  mineral  matter. 

6.  Melting  Point.  The  temperature  at  which  the  grease  is 
completely  melted. 

7.  Flashing  Point.  The  temperature  at  which  inflammable 
vapors  are  given  off,  indicated  by  applying  a  small  flame. 

8.  Burning  Point.  The  temperature  at  which  the  grease  be¬ 
gins  to  burn,  when  flame  is  applied. 

9.  Note  if  the  grease  foams  or  swells  and  spatters  during 
heating,  this  indicates  the  presence  of  more  or  less  water. 

Some  greases  when  heated  to  make  the  above  tests,  foam  or 
swell  much  until  the  water  is  driven  off,  others  remain  quiet  and 
melt  uniformly ;  others  again  partly  melt  at  a  comparatively  low 
temperature,  with  the  separation  of  the  soaps  in  solid  lumps,  or  the 
settling  out  of  the  mineral  matter  to  the  bottom  of  the  vessel. 

It  is  well  to  carefullv  note  the  behavior  of  the  greases  in 
these  respects,  as  the  practical  value  of  a  lubricating  grease  to  a 
large  extent  depends  upon  how  it  acts  when  heated,  or  in  coming 
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in  contact  with  hot  journals  and  bearings,  or  how  high  a  tempera¬ 
ture  it  will  stand  before  it  begins  to  decompose  or  separate  out. 

A  grease  that  stands  a  good  or  high  temperature,  before 
melting  or  separation  of  the  ingredients  or  compounds,  is  natur¬ 
ally  much  better  adapted  for  some  work,  than  a  grease  that  sepa¬ 
rates  readily  when  warmed  or  heated,  other  things  being  equal. 

CHEMICAL  TESTS. 

1.  Put  io  grams  grease  in  a  300  c.  c.  wide  neck  Erlmeyer 
flask,  add  50  to  75  c.  c.  88°  B  gasoline,  break  up  or  disintegrate 
the  grease  with  a  glass  rod,  then  add  200  c.  c.  more  gasoline, 
shaking  well  at  intervals  several  times,  let  stand  and  settle,  pour 
off  or  syphon  off  the  clear,  suprenatent  liquid,  without  disturbing 
the  precipitate  and,  if  necessary,  Alter ;  to  the  remaining  contents 
in  the  glass  add  ioo  to  125  c.  c.  883  gasoline,  shake,  let  stand  and 
settle,  pour  -off  the  clear  liquid,  transfer  the  insoluble  in  the  flask, 
to  a  sufficient  large  filter,  let  drain,  rinse  out  flask  with  88°  gaso¬ 
line,  and  wash  contents  on  filter  a  couple  of  times,  or  until  the 
gasoline  goes  through  practically  colorless  ;  let  drain. 

2.  Evaporate  the  mixed  gasoline  extracts,  best  in  an  ordi¬ 
nary  tinned  iron  drinking  cup  to  small  bulk,  transfer  to  small 
weighed  beaker,  evaporate  on  steam  or  water  bath,  until  practi¬ 
cally  constant  weight.  The  residue  in  the  weighed  beaker  will 
contain  all  the  oils  in  the  grease. 

The  insoluble  contents  on  the  filter  from  the  above  gaso¬ 
line  treatment,  after  draining  off  the  gasoline  (keep  funnel  cov¬ 
ered)  but  before  beginning  to  dry,  is  transferred  to  a  weighed 
dish,  in  case  the  same  (residue)  has  a  light  color,  i.  e.,  appears 
to  be  free  from  tarry"  or  asphaltic  matter,  insoluble  in  the  gasoline, 
and  dried  to  practical  constant  weight,  as  described  later  in  4,  if 
not,  transfer  same  back  to  the  Erlmeyer  flask,  and  add  a  mixture 
of  20  c.  c.  strong  ethyl  ether  and  10  c.  c.  chloroform,  digest  at 
ordinary  temperature  with  frequent  shaking,  transfer  contents 
in  flask  to  same  filter,  let  drain  and  rinse  out  flask  with  some  of 
the  ether  chloroform  mixture;  let  drain. 

3.  Evaporate  the  ether-chloroform  extract  in  weighed  dish 
on  steam  or  water  bath.  This  will  contain  the  tarry  and  asphaltic 
matter  insoluble  in  gasoline  and  possible  traces  of  soaps. 
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4.  Transfer  the  insoluble  from  the  ether  chloroform  treat¬ 
ment  to  a  weighed  dish,  dry  first  at  low  temperature  on  top  of  air 
bath,  then  in  the  air  bath  with  gradual  rise  of  temperature  from 
200  to  250°  F.  until  practical  constant  weight.  The  dried  residue 
contains  all  the  mineral  matter,  if  any  is  present,  and  the  insoluble 
soaps. 

5.  The  weight  of  this  (4)  with  the  weight  of  the  asphaltic 
matter,  if  present  and  the  oils  found  in  No.  2  added  together  and 
subtracted  from  100  gives  the  amount  of  water  present  by  differ¬ 
ence  (also,  of  course,  any  small  amount  of  oil  volatilizing  at  212° 
F.  a  temperature  necessary  to  use  to  drive  off  the  last  of  the 
gasoline  from  the  oils. 

6.  Mineral  Matter.  In  stirring  up  the  grease  in  No.  2  with 
the  gasoline  and  giving  the  contents  in  the  flask  a  rotary  motion, 
it  is  very  easy  to  see  if  any  free  mineral  matter  is  present,  as  the 
soaps  generally  are  quite  flocculent  and  stay  suspended  in  the 
gasoline  some  little  time,  while  the  heavy  dense  mineral  matter 
noticed  is  very  small,  merely  traced,  it  comes  from  the  slacked 
lime  or  soda  used  in  compounding  the  grease,  and  can  be  neg¬ 
lected. 

7.  If  mineral  matter  is  present  in  larger  amount  put  5 
^grants  grease  into  flask,  add  100  c.  c.  of  a  mixture  of  30  c.  c.  pure 

spirits  turpentine,  30  c.  c.  720  B.  benzine  and  70  c.  c.  strong 
alcohol  (this  mixture  becomes  perfectly  clear  and  uniform  when 
warmed  a  little),  put  flask  on  steam  or  water  bath,  connect  with 
return  condenser,  boil  gently,  shaking  occasionally  until  grease 
is  dissolved,  except  the  mineral  matter  (this  mixture  will  dissolve 
by  gentle  boiling  all  the  soaps,  fats  and  oils),  lower  the  heat  so  as 
to  stop  boiling,  let  stand  a  few  minutes,  then  filter  rapidly  while 
hot  into  another  flask,  transfer  insoluble  to  filter,  wash  once  or 
twice  with  above  mixture  hot. 

8.  The  insoluble  on  the  filter  contains  all  the  free  mineral 
matter.  Finish  off  the  washing  with  some  benzine,  and  lastly 
with  some  alcohol,  dry  and  weigh,  and,  if  so  desired,  determine 
the  mineral  matter,  kind,  quality  and  amount.  Add  the  benzine 
alcohol  washings  to  9  after  the  soaps  are  decomposed. 

9.  The  filtrate  in  the  flask  contains  all  the  soaps  and  oils 
in  the  grease,  put  the  flask  on  steam  or  water  bath,  connect  up 
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with  return  condenser,  heat  until  liquid  becomes  clear,  then  add  2 
or  3  grams  oxalic  acid,  either  in  dry  form  or  dissolved  in  a  little 
alcohol,  boil  and  shake  well  for  some  time ;  the  oxalic  acid  will 
decompose  the  soaps,  forming  insoluble  oxalates  with  oxides, 
which  thus  can  be  readily  separated  and  determined  by  well 
known  methods. 

io.  In  case  the  grease  is  free  from  mineral  matter,  then  of 
course  this  procedure  can  be  omitted,  and  the  dry  soaps  (4)  from 
the  first  gasoline  treatment  carefully  ignited,  and  the  base  deter¬ 
mined. 

4.  The  hashing  and  burning  points  of  greases  will  indicate 
whether  a  high  fire  test  oil  is  used.  The  consistency  of  the  sepa¬ 
rated  oils  will  indicate  whether  a  thin  fluid,  thick  petroleum  oil  is 
used.  In  some  of  the  more  expensive  greases,  such  as  light  col¬ 
ored  cup,  greases  good  grades  of  neutral  filtered  petroleum  oils,  or 
heavy  paraffine  oils  are  generally  used.  In  cheap  mill  greases,  dark 
colored  or  black  petroleum  oils  or  residues  are  generally  used. 

The  above  described  method  is  simple  enough,  and  for  all 
practical  purposes  answers  quite  well.  However,  for  a  more 
accurate  and  complete  analysis  some  additional  work  is  necessary. 

First.  In  the  gasoline  treatment,  a  little  of  the  lime  and 
magnesia  soaps  will  generally  dissolve  (the  soda  soaps  are  prac¬ 
tically  insoluble)  and  if  zinc,  alumnia,  and  lead  soaps  should  be 
present,  a  considerable  amount  of  these  would  dissolve ;  however, 
as  a  rule  these  three  latter  soaps  would  hardly  occur,  except  in 
special  greases ;  therefore  the  separated  and  weighed  oils  will  con¬ 
tain  a  little  lime  and  magnesia  soaps. 

Second.  The  separated  oils  from  the  gasoline  treatment, 
after  weighed  should  be  saponified,  to  determine  the  amount  of 
free  fatty  oils,  if  any ;  whether  rosin  oil  is  present  or  not,  tar  oils, 
and  the  quantity  of  the  petroleum  oils  used. 

Third.  In  some  alkali  soap  greases,  free  caustic  and  car¬ 
bonate  of  soda  may  occur,  even  though  free  saponifiable  fats  are 
found. 

12.  To  free  the  separated  oils  from  the  small  amount  of 
dissolved  soaps  in  the  gasoline  treatment,  this  can  be  done  either 
before  or  after  the  separated  oils  are  weighed. 


PAPER  BY  P.  H.  CONRADSON. 


U9 

In  the  former  case,  evaporate  the  gasoline  mixture  (2  )  down 
to  50  or  75  c.  c.,  transfer  to  conical  glass  stoppered  separatory 
funnel,  add  0.5  to  1  gram  dried  oxalic  acid,  dissolved  in  10  c.  c. 
strong  alcohol,  shake  repeatedly  for  some  time,  let  stand  and 
settle,  if  any  soaps  should  be  present,  a  precipitate  of  oxalates  will 
form,  add  20  c.  c.  water  to  the  funnel,  shake  well,  let  stand  and 
settle,  draw  off  watery  fluid,  and  wash  contents  in  funnel  two  or 
three  times  with  water,  add  the  washings  to  the  first  watery 
liquid  and  evaporate  to  dryness  and  determine  the  amount  and 
kind  of  oxides  in  the  oxalates,  and  then  calculate  the  amount 
found  in  corresponding  soaps,  using  oleic  acid  as  standard  factor 
and  add  amount  to  the  weight  of  insoluble  soaps  from  the  first 
gasoline  treatment. 

13.  Transfer  the  remaining  gasoline  liquid  in  the  separa¬ 
tory  funnel  to  a  small  weighed  beaker,  exaporate  on  steam  or 
water  bath  until  constant  weight,  this  gives  the  percentage  of  oils, 
plus  the  free  fatty  acids,  from  the  decomposed  soaps. 

If  present  in  larger  amounts  than  negligible,  they  should  be 
determined. 

I  find  the  following  simple  method  quite  satisfactory  in  most 
cases.  Extract  5  or  10  grams  of  the  grease  with  8S3  gasoline  as 
described  under  No.  1  ;  dry  the  insoluble  residue  containing  the 
free  alkalies,  if  any,  in  the  same  flask  in  which  the  extraction  was 
made,  to  free  from  water.  Add  50  to  100  c.  c.  strong  neutral 
alcohol  and  warm,  until  the  alkali  soaps  are  dissolved,  filter,  and 
wash  with  strong  warm  neutral  alcohol.  Add  phenol-phtalein  to 
the  united  alcoholic  solutions,  and  if  alkaline,  titre  with  quarter 
(J)  normal  HCL,  calculate  the  amount  of  free  caustic  alkali  from 
the  number  of  c.  c.  HCL  used.  Treat  the  insoluble  from  the  alco¬ 
holic  treatment  with  water,  filter.  Add  methyl  orange  to  the  fil¬ 
trate;  if  alkaline  titre  with  quarter  (-J)  normal  HCL,  and  calcu¬ 
late  the  amount  of  alkali  carbonate  from  the  number  of  c.  c.  HCL 
used.  If  the  grease  also  should  contain  lime  soaps  it  is  well  to 
ascertain  if  free  caustic  lime,  is  present. 

14.  Transfer  the  weighed  oils  after  noting  the  consistency 
and  color,  etc.,  by  means  of  883  gasoline  to  a  300  c.  c.  saponifying 
flask  and  add  50  c.  c.  neutral  strong  alcohol  and  a  few  drops 
phenolphtaline,  neutralizing  with  standard  potash  solution,  noting 
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the  number  of  c.  c.  used  from  which  the  amount  of  free  fatty  acids, 
due  to  the  decomposed  soaps,  can  be  calculated,  and  subtracted 
from  the  weight  of  the  oil  in  the  beaker. 

15.  Saponify  the  oils  in  the  flask  (14)  with  standard  alcohol 
potash,  according  to  any  of  the  well  known  methods,  such  as 
described  in  Allen’s  and  Lewkowitsch  s  Chemical  Analyses  cf 
Fats,  Oils,,  and  Petroleums.  After  separating  and  determining 
the  amount  of  saponifiable  fats  present,  the  quality  and  kind  of 
the  saponifiable  oils,  can  be  examined  according  to  methods  also 
described  in  the  above  works. 

16.  To  determine  free  caustic  and  carbonate  of  soda  in 
greases,  methods  described  under  soap  analyses  by  Allen  &  Lew- 
kowitsch  can  be  followed. 

QUALITATIVE  TESTS  FOR  ROSIN  OIL. 

I  have  found  the  following  simple  method  quite  satisfactory 
to  ascertain  whether  or  not  rosin  is  present  in  greases. 

To  10  grams  grease  in  a  wide  neck  flask,  add  25  c.  c.  strong 
alcohol,  break  up  the  grease  completely  with  a  glass  rod,  and 
digest  for  awhile  at  a  gentle  heat,  (8o°  to  90°  F.)  with  frequent 
shaking,  let  settle,  pour  off  the  liquid  onto  a  dry  filter,  and  add 
25  c.  c.  more  strong  alcohol  to  the  flask,  and  repeat  the  treatment. 

To  the  united  filtered  alcoholic  extracts,  add  a  little  phenolph- 
taline  as  indicator,  and  add  one-quarter  normal  KOH  in  slight 
excess.  Evaporate  down  to  dispel  all  the  alcohol  and  stir  up  the 
residue  with  24  to  30  c.  c.  88°  gasoline,  let  settle,  pour  off  the 
clear  liquid  to  free  the  same  from  gasoline.  The  residue  will 
contain  most  cf  the  rosin  oil,  if  present,  with  a  little  mineral  oils, 
and  can  readily  be  used  for  necessary  identification  tests  for  rosin 
oils  as  described  by  Allen  and  Lewkowitsch,  and  others,  such  as, 

1.  Renard’s  Test.  Rosin  oil  10  to  12  drops  treat  with 
anhydrous  stannic  chloride  or  stannic  bromide  (one  drop)  de¬ 
velops  a  beautiful  violet  coloration. 

2.  Linderman’s  Test.  Some  of  the  above  residue  shaken 
with  a  little  acetic  anhydride  at  a  gentle  heat ;  after  cooling  the 
acetic  anhydride,  draw  off  by  means  of  a  pipette,  and  test  by  add¬ 
ing  one  drop  of  strong  sulphuric  acid,  if  rosin  oil  is  present,  a  fine 
violet  coloration  is  produced.  Besides  these  tests,  the  gravity, 


PAPER  BY  P.  H.  CONRADSON. 


12) 


taste,  and  odor,  especially  on  warming  the  residue  readily  gives 
evidence  of  presence  of  rosin  oil.  Of  course,  it  is  always  well  at 
the  same  time  to  make  a  comparative  blank  test,  using  mineral 
oil  somewhat  similar  in  nature  to  the  mineral  oil  found  in  the 
grease. 

I  generally  submit  lubricating  greases  to  the  following  tests 
and  analysis,  which  enables  me  to  form  a  pretty  good  idea  about 
the  quality  and  composition  of  the  same. 

PHYSICAL  TESTS  OF  CREASES. 

1.  Consistency  of  the  grease.  Soft,  medium  or  hard. 

2.  Color.  Dark  or  light,  etc. 

3.  Odor.  Tarry  asphalic  or  resinous,  etc.  Oftentimes  the 
odor  of  the  grease  gives  quite  an  indication  as  to  the  nature  of  at 
least  some  of  the  materials  that  may  be  present,  principally  tarry 
matter  and  rosin  oils. 

4.  Softening  point.  The  temperature  at  which  the  grease 
begins  to  become  soft,  when  carefully  warmed  and  heated. 

5.  Incipient  melting  point.  The  temperature  at  which  the 
grease  begins  to  partially  melt,  oftentimes  with  separation  of  the 
oily  or  fatty  matter  from  the  soap  and  mineral  matter. 

6.  Melting  point.  The  temperature  at  which  the  grease  is 
completely  melted. 

7.  Flashing  point.  The  temperature  at  which  inflammable 
vapors  are  given  off,  indicated  by  applying  a  small  flame. 

8.  Burning  point.  The  temperature  at  which  the  grease 
begins  to  burn,  when  flame  is  applied. 

9.  Note.  If  the  grease  foams  or  swells  and  spatters  during 
heating,  this  indicates  the  presence  of  more  or  less  water. 

Some  grease  when  heated  to  make  the  above  tests,  foam 
and  swell  much,  until  the  water  is  driven  off,  others  remain  quiet 
and  melt  uniformly,  others  again  partly  melt  at  a  comparative  low 
temperature,  with  the  separation  of  the  soaps  in  solid  lumps, 
or  the  settling  out  of  the  mineral  matter  to  the  bottom  of  the 
vessel. 
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ANALYSIS  OF  SAMPLES  OF  GREASES. 


No.  I. 

Color . Dirty  Yellow 

Odor . Rosin 

Consistency . Very  Soft 

Softening  point . 

Melting  point . Flows  at  85° F 

Flashing  point . 385° F. 

Burning  point . 450°F. 

Soda  Soaps . 

Lime,  magnesia  soaps . 5.68% 

Mineral  or  Hydrocarbon  oils. 91. 95% 

Water . . . 2.377c 

Grav.  of  separated  oil . 23.5°Banme 

Free  mineral  matter . 


No.  2. 

Dark 

Hard 

22=t°F. 

4i5°F. 

540°  F. 

No.  3. 

Dirty  Yello\ 
Rosin 
Medium 
i6o°F. 

250  °F. 

350°  F. 

400  °F. 

1 3-i  27c 

32.327^ 

84.90% 

1451% 

2.00 

T  race  lime 

Little  Graphite 

23. o°  Ban  me 

Behavior  on  heating.  Greases  foam  some  on  heating.  Nos. 
2  and  3  have  a  tendency  to  separate  into  oil  and  lumps  of  soap. 

The  mineral  -oil  in  No.  2  is  a  thick,  heavy  at  ordinary  tem¬ 
perature,  nearly  solid,  dark  colored  oil. 

Mineral  oils  in  Nos.  1  and  3,  yellow  colored.  These  two 
latter  greases  are  compounded  with  rosin  oils. 


February  1,  1904. 


P.  H.  Conradson, 

Franklin,  Pa. 


The  following  method,  with  acocmpanying  photograph  show¬ 
ing  a  saponifying  apparatus,  I  have  found  very  useful  and  con¬ 
venient  in  saponifying  compounded  lubricating  oils,  especially 
those  containing  thick  heavy  petroleum  oils,  such  as  valve  and 
cylinder  oils,  and,  of  course,  the  apparatus  is  equally  well  adapted 
for  any  oil  or  fat. 

APPARATUS. 

1.  A  300  c.  c.  solid  pure  silver  flask  (made  for  me  by 
Queen  &  Co.,  of  Philadelphia)  with  wide  and  true  ground  neck, 
shape  of  flask  as  shown  in  the  photograph. 

2.  A  medium  Soxhlet's  extraction  tube  filled  with  glass 
beads  or  broken  marbles  up  to  or  a  little  above  the  upper  bend 
of  the  Syphon  tube. 

3.  A  12"  glass  return  condenser,  according  to  Allihn. 

4.  1,  2  and  3  properly  connected  with  good  corks,  and 
placed  on  a  tripod,  on  which  rests  two  asbestos  blocks,  as  shown 
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in  the  photograph,  a  thinner  under  one,  and  a  thicker  one  with 
tapered  holes  cut  out  in  the  center  to  tit  the  silver  flask  ;  between 
the  two  asbestos  blocks  or  plates  is  put  an  iron  ring  on  which 
rests  a  smaller  iron  plate,  fitting  the  somewhat  concave  shape  of 
the  bottom  of  the  silver  flask.  All  these  parts  are  clearly  indicated 
as  shown  on  the  photograph. 

With  an  apparatus  fitted  up  in  this  way,  there  is  no  danger 
of  flask  breaking ;  it  can  lx?  left  to  itself,  and  a  direct  gas  flame 
used  for  the  boiling. 

Having  a  great  deal  of  this  kind  of  work  to  perform,  I  soon 
found  glass  flasks  very  unsatisfactory  either  from  breaking,  or 
the  caustic  potash  solution  used  in  saponifying  soon  begins  to  act 
on  the  glass  in  the  flasks  to  such  an  extent  as  to  seriously  inter¬ 
fere  with  obtaining  correct  results.  I,  therefore,  conceived  the 
idea  of  having  a  couple  of  silver  flasks  made  as  shown  in  the 
photograph,  and  they  have  given  entire  satisfaction. 

They  have  been  in  constant  use  for  the  last  four  or  five  vears 
and  now  are  as  good  as  ever. 

The  Soxhlet's  tube  acts  like  an  automatic  agitator  by  the 
intermittent  filling  and  emptying  through  the  syphon  tube,  thus 
facilitating  the  saponifying  process. 

STANDARD  ALCOHOLIC  POTASH  SOLUTION  USED  IN  SAPONIFYING 

FATS  AND  OILS. 

I  used  practically  a  one-half  normal  alcoholic  caustic  potash 
solution  made  as  follow's:  50  grams  pure  caustic  potash,  dissolved 
in  680  c.  c.  pure  95  per  cent,  grain  alcohol,  let  the  solution  stand 
for  a  while  in  a  dark  place  to  settle,  then  filter  through  asbestos 
filter,  and  add  to  the  filtrate  300  c.  c.  distilled  water,  shaking 
well,  and  let  the  solution  stand  for  a  day  before  standardizing. 
25  c.  c.  of  this  solution  requires  alxmt  50  c.  c.  of  one- fourth  nor¬ 
mal  HCL  (hydrochloric  acid).  To  standardize  this  alcoholic 
potash  solution,  I  proceed  exactly  in  the  same  way  as  in  saponify¬ 
ing  oils,  which  will  be  described  below,  besides  standardizing  the 
same  direct  with  one-quarter  normal  hyrochloric  acid,  and  one- 
quarter  normal  caustic  potash  using  phenolphtaline  as  indicator. 
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SAPONIFICATION  PROCESS  OF  COMPOUNDING  OILS. 

■  The  amount  of  oil  taken  depends  upon  the  amount  of  saponi¬ 
fiable  fat  or  oil  that  is  expected  to  be  present  in  the  sample,  vary¬ 
ing  from  2\  up  to  10  grams.  If  the  oil  contains  35$  to  65$  saponi¬ 
fiable  fat  or  oil,  I  use  5  grams,  and  if  less  than  20$,  10  grams. 

Weigh  out  the  oil  in  a  small  beaker,  warm  if  necessary, 
transfer  the  oil  from  the  beaker  to  the  silver  flask  by  means  of 
15  to  20  c.  c.  88°  gasoline,  add  25  c.  c.  of  the  standard  alcohol 
caustic  potash  solution  from  a  25  c.  c.  pipette  (after  drawing  up 
the  solution  in  the  pipette  to  a  little  above  the  mark,  wipe  off  the 
outside  lower  part  of  the  pipette)  let  the  pipette  drain,  have  80 
c.  c.  strong  neutral  alcohol  in  a  100  c.  c.  measure,  draw  up  alcohol 
into  the  pipette  about  20  to  25  c.  c.  at  a  time,  so  as  to  rinse  out 
the  pipette  and  let  alcohol  run  into  flask.  In  this  way  the  pipette 
is  entirely  freed  from  the  potash  solution,  adhering  to  the  inside 
walls  and  sides  of  the  pipette.  Connect  up  the  flask  as  shown  in 
the  photograph,  and  already  described,  boil  quite  briskly  from  5 
to  8  hours. 

Heavy  thick  compounded  oils,  such  as  cylinder  and  valve  oils, 
containing  heavy  petroleum  stocks,  take  longer  time  to  saponify 
than  thin  light  oils.  After  boiling  a  sufficient  length  of  time,  shut 
off  the  heat,  remove  the  silver  flask,  and  any  alcohol  that  may  be 
in  the  Soxhlet's  tube  add  to  the  flask.  Then  proceed  to  titre  to 
determine  the  amount  of  caustic  potash  used  in  saponifying  the 
oil.  To  this  end  add  a  little  phenolphtaline  as  indicator  to  the  flask, 
and  add  gradually  HCL  (one-quarter  normal  and  standardized 
against  one-quarter  normal  KOH)  in  small  excess,  or  until  the 
red  color  disappears  on  shaking  (owing  to  the  wide  mouth  and 
neck  it  is  very  easy  to  see  when  the  red  color  has  gone,  even  with 
dark  colored  oils)  ;  then  transfer  the  contents  in  the  silver  flask  to 
a  300  c.  c.  glass  flask,  rinse  out  the  former  with  a  little  neutral 
alcohol  and  a  little  740  benzine,  add  to  the  silver  flask  5  c.  c.  hot 
water,  and  2  c.  c.  of  the  quarter  normal  HCL,  and  shake  (this  to 
dissolve  any  potash  that  might  remain  in  the  silver  flask)  and 
add  this  to  the  contents  in  the  glass  flask,  put  on  steam  or  water 
bath  and  heat  to  boiling,  boil  for  a  few  minutes,  (this  to  drive  off 
anv  carbolic  acid  that  might  be  present),  then  neutralize  the  con- 
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tents  in  the  flask  with  one-quarter  normal  KOH  and  calculate  in 
the  usual  way  how  much  caustic  potash  has  been  used  from  the 
number  of  c.  c.  required  and  from  it  the  amount  of  saponifiable 
fat.  present. 

For  most  fats  and  oils  such  as  tallow,  oil,  lard  oil,  cotton¬ 
seed  oil,  maize  01  corn  oil,  the  same  standard  factor  or  equivalent 
can  be  used.  If  rape,  colza  or  sperm  oils  are  present,  of  course, 
it  will  be  necessary  to  separate  the  total  free  fatty  acids,  and  from 
this  calculate  the  amount  of  saponifiable  fats  present. 

P.  H.  CONRADSON, 

Franklin,  Pa. 
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STRUCTURAL  SECTION. 

A  meeting  of  the  Structural  Section  of  the  Engineers’  So¬ 
ciety  of  Western  Pennsylvania  was  held  at  the  Society's  hall,  410 
Penn  ave.,  Pittsburgh,  Feb.  24,  1904. 

Section  called  to  order  by  the  Chairman,  Mr.  Frans  Engs- 
trom,  at  8:30  r.  m.,  sixteen  members  and  visitors  being  present. 

Brief  address  by  the  Chairman. 

Discussion  of  the  subject  for  the  evening.  Highway  Bridges, 
was  opened  with  a  paper  by  Mr.  C.  M.  Canady,  and  was  partici¬ 
pated  in  by  Messrs.  A.  Stucci,  Fitzgerald,  Duckham,  P.  Bryun, 
Clias.  Worthington,  Chas.  Davis  and  Frans  Engstrom. 

On  motion  a  vote  of  thanks  was  tendered  to  Mr.  Canady 
for  his  able  paper. 

Subject  selected  for  the  next  meeting,  March  23d,  “Blast 
Furnace  Slag  as  a  Structural  Material,”  on  which  a  paper  will  be 
presented  by  Mr.  George  Shinn. 

On  motion  Section  adjourned  at  9:50  p.  m. 

Chas.  Worthington, 
Secretary,  pro  tcm. 
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THIS  SOCIETY  DOES  HOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  HEHBKRS 


The  two  hundred  forty-third  regular  monthly  meeting  of 
the  Engineer's  Society  of  Western  Pennsylvania  was  held  in 
the  lecture  room  of  the  Society’s  house,  410  Penn  avenue, 
Pittsburg,  Pa.,  Tuesday  evening,  March  15,  1904,  at  8:25 
o'clock.  Vice  president,  Samuel  Diescher,  in  the  chair  and  55 
members  and  visitors  present. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Directors  report  thar:  they  have  passed 
favorably  on  the  following  applications  for  membership,  and 
present  same  to  the  society  for  action. 

NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 


JOHN  T.  BEALOR,  .... 

John  T.  Bealor  Mfg.  Co.,  Heating  and  Ventilating. 
1118  Westinghouse  Bldg.,  Pittsburg,  Pa. 

ALEXANDER  BEESON,  -  Manager, 

Pittsburg-BufTalo  Co.’s  Plant  at  Johnetta. 
Johnetta,  Armstrong  Co.,  Pa. 

EDWARD  PATRICK  DONOHUE,  Supt.  of  Tranept. 

At  Eliza  Furnaces  of  Jones  &  Laughlins  Steel  Co. 
h.,  Mobile  and  Monongahela  Aves.,  Hazelwood,  Pittsburg, 


J.  F.  Kuntz, 

W.  M.  Judd, 

W.  O.  Abbott. 

J.  M.  Searle, 

J.  P.  Young, 

C.  W.  Ridinger. 

E.  L.  Messier, 

R.  P.  Kernohan, 
M.  J.  Dowling. 


I’a. 


f  E.  P.  Vankirk, 

CADWALLADER  EVANS,  Jr.,  -  Supt.,  -  Chas.  F.  Scott, 

Blaine  Coal  Co.,  I  Wm.  Bradford. 
Elizabeth,  Pa. 

(  N.  C.  Wilson, 

FRANK  M.  FABER,  -  Vice  Pres,  and  Gen’l  Mgr.  -  j  John  W.  Landis, 

of  the  Liberty  Mfg.  Co.,  Pittsburg,  Pa.  (.  W.  I).  Corcoran. 
6905  Susquehanna  St.,  Pittsburg,  Pa. 


f  Chas.  W.  Ridinger, 

BURT  GELLATLY,  -  Member  of  firm  -  Wairen  I.  Bickford, 

Gellatly  Co.,  Times  Bldg.,  Pittsburg,  Pa.  I  Geo.  T.  Barnsley, 
h.,  446  Rebecca  St.,  Pittsburg.  Pa. 
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NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 

{D.  L.  Mekeel, 

J.  L.  Klindworth, 
P.  H.  Hasbrouck. 

h.,  5919  Alder  St.,  Pittsburg,  Pa. 


[  D.  C.  Ashworth, 

C.  LUDLOW  LIVINGSTON,  An  Attorney-at-Law  <  Geo.  T.  Barnsley, 

and  Solicitor  in  Patent  Causes.  (Chas.  W.  Ridinger. 
1102  Frick  Bldg.,  Pittsburg.  Pa. 
h.,  Oakmont,  Pa. 


(  Harry  H.  Heffrin, 

WM.  ALEXANDER  MOORE,  Chief  Engineer,  -  -  Walter  Kennedy, 

Schuylkill  Valley  Illuminating  Co.  and  Montgomery  l  Geo.  T.  Barnsley. 
&  Street  Ry.  Co.,  h.,  Phoenix  Hotel, 

Pboenixville,  Pa. 


FRANK  D.  PURDY, 


In  Turbine  Dept., 
of  Westinghouse  Machine  Co. 
h.,  201  Colonial  Bldg.,  Wilkinsburg,  Pa.,  P.  O.  Box  121. 


W.  J.  Auburn, 
.T.  L.  Moore, 
Richard  Hiiscli. 


[  Geo.  P.  Maury, 

DANIEL  TURPIT,  -  District  Supt.,  -  Chas.  W.  Ridinger, 

for  the  Babcock  &  Wilcox  Co.,  {  Geo.  T.  Barnsley. 
1218  Frick  Bldg.,  Pittsburg,  Pa. 

f  G.  C.  Schade, 

RALPH  C.  WOOD,  -  Draftsman,  -  James  K.  Lyons, 

with  the  Penna.  Lines  West  of  Pittsburg.  I  F.  L.  White, 
h.,  225  44th  St.,  Pittsburg,  Pa. 


Voted  that  the  secretary  cast  a  ballot  electing  the’  gentle¬ 
men  to  membership. 

The  board  also  reported  that  at  the  meeting  held  Monday 
evening,  March  14,  it  was  unanimously  voted  to  recommend 
the  names  of  Wm.  Metcalf  and  Thos.  H.  Johnson  to  the  so¬ 
ciety  for  honorary  members,  the  same  having  been  proposed  in 
accordance  with  Section  3,  Article  I,  of  the  By-Laws. 

Voted  that  the  secretary  be  instructed  to  cast  a  unani¬ 
mous  vote  electing  those  gentlemen  to  honorary  membership. 

Mr.  Bansley — As  Chairman  of  the  Reception  Committee 
for  the  present  year,  it  is  my  duty  to  make  a  report  of  the  re¬ 
ception  tendered  the  members  of  the  society  at  the  Farmers' 
Bank  Building  last  Saturday',  and  from  all  reports  that  come  to 
me  from  those  who  were  present  it  was  quite  a  successful  af¬ 
fair.  The  Farmers’  Bank  Building,  being  one  of  Pittsburg’s 
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sky  scrapers  was  thought  to  be  of  interest  to  the  members  of 
this  society  and  we  secured  an  invitation  to  inspect  it  from 
basement  to  roof.  After  viewing  the  armor  plate  vaults  in 
the  basement,  the  party  proceeded  to  the  24th  floor  and  from 
there  to-  the  roof,  where  we  were  given  the  opportunity  of 
seeing  Pittsburg  by  night;  from  there  we  went  to  the  apart¬ 
ments  of  Mr.  E.  K.  Morse,  on  the  24th  floor,  where  we  found 
a  large  number  of  nice  red  apples  awaiting  us.  Unfortunately 
Mr.  Morse  was  not  able  to  be  there  himself,  or  it  is  likely  he 
would  have  opened  a  barrel  of  cider  as  well.  From  the  24th 
floor  we  went  to  the  offices  of  the  Pressed  Steel  Car  Co., 
where  a  very  nice  luncheon  was  served  to  the  members  and 
we  were  treated  quite  royally. 

Secretary  reads  report  of  the  Committee  to  revise  By- 
Laws  of  the  Society  as  follows : 

Mr.  J.  M.  President  Engineers'  Society  of  Western 

Pennsylvania. 

Dear  Sir — Your  committee  appointed  at  last  meeting  to  re¬ 
vise  By-Laws  of  the  Society  have  considered  the  matter  and 
recommend  the  following: 

That  Section  3  of  Article  I,  of  By-Laws  be  changed  to 
read  as  follows : 

Honorary  members  shall  be  proposed  by  at  least  ten  mem¬ 
bers,  and  require  a  unanimous  recommendation  by  the  Board  of 
Direction  to  the  Society  at  the  Annual  Meeting. 

Not  more  than  one  Honorary  Member  shall  be  elected  in  any 
one  year. 

The  names  of  the  nominees  shall  be  published  the  same  as 
those  of  the  applicants  for  active  membership  and  voted  upon 
in  the  same  manner,  but  the  election  must  be  unanimous.  The 
secretary  shall  promptly  notify  the  person  elected  as  honorary 
member,  and  if  an  acceptance  is  not  received  within  three 
months,  the  election  shall  be  cancelled. 

Respectfully  submitted, 

S.  M.  Kintner, 

W.  A.  Bole, 

Richard  Hirscii. 


130  ENGINEERS*  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


Mr.  Scott — I  move  that  the  Secretary  be  instructed  to  pub¬ 
lish  it  in  the  monthly  notice  to  the  members  as  a  proposed 
change  of  the  By-Laws  to  come  before  the  society  at  the  next 
meeting.  (Motion  carried.) 

Vice  President — We  shall  now  hear  the  papers  of  this 
evening.  The  first  paper  is  by  Mr.  C.  Renshaw,  on  “Present 
Electrical  Railway  Practice.”  (Paper  will  be  published  later.) 

Vice  President — The  second  paper  will  be  read  by  Mr.  P. 
M.  Lincoln,  on  “Adaptation  of  Alternating  Current  to  Rail¬ 
way  Purposes.” 


v*  • 
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ADAPTATION  OF  ALTERNATING  CURRENTS  TO 

RAILWAYS. 

BY  MR.  P.  M.  LINCOLN. 

To  the  engineer  electricity  is  a  means — not  an  end.  In  this 
respect  the  engineer  differs  from  the  scientist.  To  the  scientist 
the  study  of  electric  manifestations  is  the  end  in  view  and  he  is 
satisfied  if  he  discovers  some  new  manifestation,  or  a  new  method 
of  measurement,  or  a  property  of  electricity  previously  unknown. 
The  view  point  of  the  engineer  is  quite  different.  He  is  interested 
in  electricity — not  because  of  what  it  is,  but  because  of  what  it 
will  do.  The  engineer  has  in  mind  the  accomplishment  of  some 
practical  end,  such  as  the  driving  of  factories,  the  operation  of 
elevators,  the  lighting  of  buildings  and  streets,  and  the  transporta¬ 
tion  of  passengers  and  freight.  Electricity  is  to  him  merely  a 
means  of  solving  such  problems  as  come  before  him. 

The  particular  engineering  problem  which  we  are  to  discuss 
this  evening  is  that  of  transportation.  The  engineer  has  applied 
electricity  to  the  solution  of  certain  phases  of  the  transportation 
problem  because  by  its  use  he  secures  an  agent  which  does  his 
work  both  more  economically  and  more  efficiently  than  by  other 
means  at  his  disposal. 

As  an  indication  that  the  railway  engineer  has  been  able  to 
adapt  electricity  to  accomplish  his  ends,  or  perhaps  it  would  be 
more  correct  to  say  that  the  electrical  engineer  has  successfully 
applied  electrical  methods  to  the  operation  of  railways,  may  be 
cited  the  fact  that  the  capital  at  present  invested  in  electric  rail¬ 
way  enterprises  has  reached  the  enormous  total  of  about  $2,- 
500,000,000.  What  is  more  surprising  is  the  fact  that  this  total 
development  has  taken  place  within  a  period  of  time  considerably 
less  than  twenty  years. 

The  development  of  electric  railroading  up  to  the  present 
time  has  been  somewhat  peculiar  in  one  respect,  and  that  is  that 
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the  type  of  motor  which  lias  been  employed  has  remained  practi¬ 
cally  unchanged  since  the  earliest  development.  Sprague,  in  his 
work  at  Richmond  in  1887,  which  may  be  called  the  first  commer¬ 
cial  development  of  electric  railroading,  used  the  direct  current 
series  motor  and  today,  with  almost  no  exceptions,  all  traction 
enterprises  using  electricity  as  a  motive  power  are  using  this  same 
type  of  motor.  The  test  of  time  and  the  trial  of  other  types  of 
motors  has  only  served  to  prove  still  more  conclusively  the  su¬ 
periority  of  the  series  motor  for  traction  purposes. 

An  analysis,  on  the  one  hand,  of  the  requirements  of  traction 
in  general  and,  on  the  other  hand,  of  the  properties  of  the  direct 
current  series  motor,  led  to  the  conclusion  that  the  superiority  of 
this  type  of  motor  is  due  principally  to  the  two  following  reasons  : 

1st.  Because  the  motor  is  inherently  a  variable  speed  motor. 
It  will,  on  account  of  this  property,  automatically  adjust  its  speed 
to  the  load  conditions  that  it  is  called  upon  to  meet. 

2nd.  Because  its  torque  varies  nearly  in  proportion  to  the 
square  of  the  electric  current  input.  In  other  types  of  motor  the 
torque  varies  at  a  slower  rate  than  the  square  of  the  current  input. 
This  property  evidently  reduces  the  amount  of  current  required 
for  a  given  tractive  effort,  other  things  being  equal,  over  that 
required  by  another  type.  These  two  features  are  the  ones  which 
have  made  the  direct  current  series  motor  pre-eminent  up  to  date 
in  the  railway  field. 

The  motor,  however,  is  by  no  means  the  only  element  in  the 
traction  problem.  The  entire  problem  may,  for  the  purpose  of 
our  discussion  this  evening,  be  divided  into  three  elements : 

1st.  The  generation  of  power. 

2nd.  The  transmission  of  power  from  the  generating  station 
to  the  cars  or  trains. 

3rd.  The  application  of  power  to  the  cars  or  trains. 

The  requirements  of  the  third  element  have  demanded  a 
motor  characteristic  as  good  as  that  of  the  present  direct  current 
series  motor.  Since  nothing  better  for  traction  purposes  than  .the 
direct  current  series  motor  has  been  offered,  the  result  is  that  the 
other  elements  of  the  system  have  been  subservient  to  the  motor 
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requirements.  As  the  electric  traction  has  developed  with  time, 
the  handicap  introduced  by  the  necessity  of  using  the  direct  cur¬ 
rent  series  motor  for  the  operation  of  trains  or  cars  has  been  more 
and  more  apparent.  To  gain  an  adequate  idea  of  the  traction 
problem  as  it  exists  today,  it  may  be  well  to  glance  hurriedly  at 
the  course  which  has  been  followed  by  the  development  of  electric 
traction. 

The  original  Richmond  plant,  which  was  referred  to  above, 
consisted :  1st.  Of  a  power  station  which  generated  electric  cur¬ 
rent  at  approximately  500  volts.  2nd.  A  transmission  system  of 
sufficient  capacity  to  take  the  current  from  the  power  station  to 
the  cars  without  an  undue  amount  of  loss.  3rd.  Direct  current 
series  motors  upon  the  cars. 

For  a  number  of  years  this  was  the  universal  method  of  pro¬ 
cedure.  The  time  came,  however,  when  the  distances  and  the 
amounts  of  power  required  by  the  cars  or  trains  were  so  great  as 
to  require  a  prohibitive  amount  of  copper  to  carry  current  from 
the  generating  station  to  the  cars  with  this  system.  The  evident 
remedies  were  two.  1st.  To  put  in  more  power  stations;  and  2d, 
to  generate  a  higher  voltage  at  the  power  house. 

The  disadvantages  of  the  first  horn  of  this  dilemma  were 
generally  recognized  to  be  the  greater.  Therefore  the  neces¬ 
sity  for  this  higher  voltage  brought  into  use  the  so-called  booster 
system,  which  may  be  considered  as  the  second  era  in  the  develop¬ 
ment  of  the  railway  traction  problem.  By  means  of  these  boos¬ 
ters,  the  voltage  generated  at  the  power  station  and  transmitted 
to  the  more  distant  parts  of  the  system  was  made  to  vary  auto¬ 
matically  with  the  current  transmitted.  The  amount  of  this  varia¬ 
tion  was  adjusted  to  the  losses  which  would  occur  in  the  trans¬ 
mission  to  these  more  distant  parts  so  that  the  voltage  supplied 
to  the  cars  would  not  exceed  the  normal.  The  system  was  one 
which  was  uneconomical  in  its  use  of  power  and  the  continued 
extent  of  electric  traction  both  in  regard  to  train  weights  and  dis¬ 
tances  soon  demanded  somethin"-  better. 

o 

It  was  then  recognized  that  the  transmission  element  of  the 
system  was  the  one  which  was  deficient.  Again  it  became  a 
question  between  the  multiplication  of  the  number  of  power  gen- 
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erating  joints  or  the  increase  of  transmission  voltage,  and  again 
the  electrical  engineer  cast  about  him  for  some  way  of  avoiding 
the  necessity  for  increasing  the  number  of  generating  stations. 

It  began  to  be  recognized  that  to  gain  the  voltages  necessary 
for  transmission,  alternating  current  would  have  tO'be  used.  The 
demands  of  the  motor  equipment,  however,  still  made  necessarv 
the  retention  of  the  direct  current  series  motor  because  no  alter¬ 
nating  current  motor  had  been  developed  of  such  characteristics 
as  to  justify  abandoning  the  direct  current  motor.  The  result  of 
these  conditions  was  naturally  the  rotary  converter  substation 
system  which  is  so  general  today.  This  system  is,  as  indicated 
above,  a  natural  development  and  is  designed  to  meet  the  two 
prime  requisites  of  electric  traction  as  it  has  existed  up  to  date. 
These  requisites  are — 

1st.  A  high  tension  transmission  voltage.  By  high  tension 
I  mean  high  compared  to  the  voltages  usually  used  in  electric 
traction.  The  proper  voltage  for  a  given  case  depends  upon  the 
condition,  and  the  range  to  select  from  is  a  wide  one — from  a 
minimum  of  perhaps  2,000  volts  to  a  maximum  of  say  50,000  volts. 
The  transmission  voltages  that  are  in  common  use  on  traction 
lines  are  10,000,  15,000  and  20,000.  Voltages  of  this  magnitude 
are  out  of  the  question  with  direct  current  since  any  high  voltage 
direct  current  generating  arrangement  is  both  very  expensive  and 
deficient  from  an  engineering  standpoint.  Alternating  current, 
therefore,  is  a  necessary  accompaniment  of  high  transmission  vol¬ 
tage. 

2nd.  Idle  second  requisite  is,  as  indicated  above,  the  use  of 
direct  current  series  motors,  since  that  type  is  the  only  one  extant, 
until  recently,  which  possessed  suitable  characteristics  for  traction 
purposes.  The  requirements  of  A.  C.  on  the  transmission  line  and 
D.  C.  on  the  motors  of  course  made  necessary  a  connecting  link 
in  the  rotary  converter,  which  with  its  compliment  of  “step-down” 
transformers  is  capable  of  taking  energy  from  the  high  tension 
A.  C.  transmission  lines  and  delivering  to  the  trolley  in  the  shape 
of  direct  current  at  a  voltage  of  from  500  to  700. 

The  defects  of  this  system  are  apparent.  Further,  the  most 
glaring  ones  are  evidently  due  to  the  necessity  of  retaining  the 
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D.  C.  motor  on  the  train.  An  analysis  shows  that  the  most  ap¬ 
parent  disadvantages  of  the  rotary  converter  system  are — 

1st.  The  necessity  of  using  the  rotary  converter.  It  is  an 
expensive  piece  of  machinery ;  it  absorbs  a  considerable  amount 
of  power  (about  10$  of  the  power  passing  through  it  under  the 
conditions  of  usual  interurban  operation)  ;  it  is  expensive  to  main¬ 
tain  ;  it  is  a  difficult  piece  of  apparatus  to  get  started,  an  operation 
consuming  both  time  and  skill  on  the  part  of  the  operator ;  the 
load  which  it  will  carry  is  limited  to  a  maximum  set  by  conditions 
of  commutation  as  well  as  to  an  average  set  by  limits  of  tempera¬ 
ture  :  it  is  a  piece  of  moving  machinery  and  consequently  requires 
constant  skilled  attendance. 

2nd,  The  necessity  of  distributing  power  from  the  rotary 
substations  to  the  trains  at  a  voltage  which  is  low  enough  to  allow 
of  direct  application  to  the  motors.  Direct  current  series  motors, 
although  eminently  suited  to  traction  work,  still  have  certain  dis¬ 
advantages.  One  of  the  worst  is  its  tendency  under  certain  con¬ 
ditions  to  flash ;  that  is,  its  tendency  to  arc  over  from  brush  to 
brush  on  the  commutator.  Another  disadvantage,  but  one  not 
peculiar  to  the  D.  C.  motor,  lies  in  the  difficulty  of  maintaining 
the  motor  insulation.  Both  of  these  disadvantages  are  exagger- 
ated  by  increasing  the  voltage.  Experience  has  demonstrated  the 
maximum  voltage  which  can  be  safely  taken  care  of  under  the 
severe  conditions  of  street  railway  practice  possibly  as  high  as  700. 
although  650  is  usually  the  limit,  and  550  is  in  much  more  com¬ 
mon  use  that  either  of  these  higher  voltages.  When  we  come  to 
consider  distribution  problems,  this  maximum  of  650  to  700  volts 
works  a  decided  hardship.  To  distribute  power  from  the  sub¬ 
stations  to  car  requires  a  certain  investment  for  distributing  con¬ 
ductors  and  entails  a  certain  loss  of  power.  To  decrease  this  first 
cost  of  conductors,  or  to  decrease  the  loss  of  power,  or  Ixffii,  the 
electrical  engineer  either  must  raise  the  voltage  of  his  distributing 
circuits  or  must  decrease  the  distance  of  distribution.  With  direct 
current  we  have  already  noted  the  considerations  of  the  motor 
limits,  the  voltage  of  distribution,  and  the  adoption  of  the  remain¬ 
ing  course  means  the  consequent  increase  in  number  of  rotary 
converter  stations  and  therefore  increased  yearly  expense  for  at- 
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tendance  and  up-keep.  The  best  the  engineer  can  do,  therefore, 
is  to  strike  a  balance  between  these  two  opposing  forces — initial 
cost  of  and  losses  in  the  distributing  circuits,  on  the  one  hand, 
and  initial  cost  of  and  skilled  attendance  on  rotary  substations, 
on  the  other-  —and  find  the  point  where  the  total  cost  to  his  client 
is  a  minimum. 

It  has  been  long  recognized  that  a  motor  which  could  operate 
on  alternating  current  and  which  would  possess  at  the  same  time 
the  favorable  speed  and  torque  characteristics  of  the  direct  cur¬ 
rent  series  motor  would  avoid  the  disadvantages  which  are  most 
pronounced  in  the  present  D.  C.  system. 

In  fact,  the  advantage  of  a  higher  distributing  voltage  and 
the  avoidance  of  rotary  converter  substations  has  induced  some 
European  engineers  to  forego  the  advantages  of  the  speed  ar.d 
torque  characteristics  of  the  direct  current  series  motor  and  adopt 
the  induction  A.  C.  motor  for  traction  on  some  European  lines. 
The  induction  motor  is  inherently  a  constant  speed  motor  and  is 
therefore  in  no  wise  fitted  for  railway  purposes  where  a  large 
proportion  of  the  work  is  done  at  a  varying  speed.  This  system 
has  the  additional  disadvantage  of  requiring  two  or  more  over¬ 
head  trolleys.  This,  together  with  the  unfit  motor  characteristics, 
were  sufficient  to  condemn  it  in  the  eyes  of  American  engineers, 
and  it,  consequently,  has  found  no  favor  on  this  side  of  the  water. 
In  the  opinion  of  American  engineers  the  advantages  obtained 
were  not  sufficient  to  overcome  the  advantages  sacrificed.  Defi¬ 
cient  though  it  is,  the  system  showed  up  wTell  beside  the  rotary 
converter  system  an.d  only  served  to  show  still  further  the  need 
of  an  alternating  current  motor  with  suitable  characteristics. 

Pittsburgers  should  feel  proud  of  the  fact  that  the  problem 
cf  developing  an  adequate  alternating  current  motor  for  traction 
purposes  has  been  attacked  and  solved^ by  a  Pittsburg  man,  Mr. 
B.  G.  Lamme,  of  the  Westinghouse  Electric  &  Mfg.  Co.  Mr. 
Lamme  has  had  in  mind  for  many  years  the  advantages  which 
would  accrue  to  an  alternating  current  motor  with  the  speed  and 
torque  characteristics  of  the  D.  C.  series  motor.  As  far  back  as 
1893,  Air.  Lamme  made  experiments  on  the  same  type  of  motor 
which  he  has  later  developed  so  successfully.  At  that  time,  how- 
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ever,  the  problem  of  electric  traction  was  not  sufficiently  advanced 
to  make  the  alternating  current  motor  generally  acceptable.  The 
D.  C.  generating  stations  and  motors  were  entirely  sufficient  for 
the  needs  of  that  day.  As  time  went  on,  however,  and  the  need 
of  the  alternating  current  motor  became  more  and  more  apparent, 
the  problem  of  building  such  a  motor  was  again  taken  up.  The 
basis  of  Mr.  Lamme’s  work  on  alternating  current  motor  is  the 
fact  than  an  ordinary  D.  C.  series  motor  will  operate  in  the  same 
direction,  no  matter  what  be  the  direction  of  current  through  it 
as  a  whole.  Reversal  in  direction  of  rotation  of  the  D.  C.  series 
motor  is  obtained  by  reversing  the  direction  of  current  travel 
through  the  field  relative  to  the  armature.  From  the  fact  that  it 
makes  no  difference  which  way  the  current  travels  through  the 
motor,  it  follows  that  if  the  current  be  reversed  very  frequently 
the  direction  of  rotation  and  the  speed  torque  characteristics  will 
not  be  interfered  with.  It  follows,  therefore,  that  the  commercial 
direct  current  series  motor  is  of  a  type  which  will  operate  success¬ 
fully  on  alternating  current,  provided  the  frequency  of  alterna¬ 
tion  be  slow  enough.  The  introduction  of  alternating  currents  of 
commercial  frequency  with  this  type  of  motor,  however,  brings 
up  many  problems  to  be  solved  before  such  a  motor  can  be  suc¬ 
cessful.  The  principal  difficulties  involved  are — 

fi)  The  commutation. 

(2)  The  losses  due  to  circulation  of  alternating  current. 

(3)  High  self-induction. 

These  various  problems  have  been  attacked  and  solved  by 
Mr.  Lamme.  Many  people  have  an  idea  that  there  is  something 
mysterious  about  the  operation  of  the  single  phase  railway  motor, 
that  its  successful  operation  is  due  to  some  occult  reason.  Noth¬ 
ing  is  further  from  the  truth.  The  success  of  the  A.  C.  single 
phase  motor  has  been  obtained  primarily  by  the  adoption  of  simple 
and  well-known  principles  and  overcoming  by  sheer  excellence 
of  design  the  difficulties  encountered. 

The  system  and  motor  which  Mr.  Lamme  proposes  were  de¬ 
scribed  by  him  in  a  paper  before  the  American  Institute  of  Elec¬ 
trical  Engineers,  read  in  September,  1902.  about  eighteen  months 
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ago.  The  reading-  of  this  paper  was  the  signal  for  immediate  ac¬ 
tivity  along  the  same  lines  by  manufacturers  of  electrical  appara¬ 
tus,  both  in  this  country  and  in  Europe.  Since  the  paper  was 
published  a  number  of  single  phase  A.  C.  motors  have  been  an¬ 
nounced.  Every  one  of  these  motors  followed  the  lines  laid  down 
by  Mr.  Lamme  in  his  paper  before  the  A.  I.  E.  E.  One  of  the  first 
criticisms  of  the  Lamme  motor  on  its  announcement  was  that 
there  was  nothing  new  about  it — that  he  had  used  no  new  princi¬ 
ple — that  others  had  built  similar  motors  years  before.  Let  all 
these  things  be  granted,  yet  the  great  difference  between  is  that 
his  motor  is  a  success.  But  this  digresses  somewhat  from  the 
subject. 

We  pointed  out  above  that  the  general  electric  traction  prob¬ 
lem  was  made  up  of  three  elements — generation,  transmission  and 
application.  The  substitution  of  the  alternating  current  motor  for 
the  direct  current  will  make  practically  no  change  in  the  first  and 
last  elements,  except  the  simple  changing  of  the  direct  current 
for  alternating  current  motors.  The  transmission  element,  for  the 
purpose  of  this  analysis  may  be  divided  into  two  parts — 1st, 
Efigh  tension  transmission  from  generators  to  sub-stations ; 
and  2nd,  Distribution  from  sub-stations  to  cars.  To  the  first  part 
the  substitution  of  A.  C.  will  make  little  change — simply  that 
from  polyphase  transmission  to  single  phase.  The  second  part 
will  be  modified  by  the  abolition  of  the  rotary  converter  and  the 
adoption  in  general  of  higher  A.  C.  distributing  voltage  in  place 
of  the  500  to  600  volts  D.  C.  of  the  present  day.  All  that  will  re¬ 
main  of  the  substation  will  be  simply  the  static  transformer.  In 
the  alternating  current  system  the  substations  will,  in  general,  be 
considerably  more  frequent. 

The  current  will  be  taken  from  the  high  tension  line  and  by 
the  static  transformers  reduced  to  a  potential  which  can  safely  be 
put  upon  the  trolley.  Just  what  this  trolley  potential  will  be  will 
depend  solely  upon  the  element  of:  safety  and  not,  as  heretofore, 
ment  of  the  railway  traction  problem.  By  means  of  these  boosters 
upon  the  element  of  commutation  and  motor  insulation.  The 
rotary  converter  being  omitted  from  the  substation  will  do  away 
with  the  necessity  of  skilled  attendants.  A  large  element  of  oper- 
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ating  expenses  at  every  substation  will,  therefore,  be  avoided. 
The  avoidance  of  operating  expenses  makes  possible  putting  these 
substations  more  frequently,  consequently  the  distance  which  the 
current  will  have  to  go  from  the  substations  to  the  trains  or  cars 
will  be  much  shorter.  This  will  in  turn  affect  both  the  cost  of  the 
conducting  system  to  take  the  current  from  the  substation  to  the 
cars  and  will  also  reduce  the  losses. 

Although  it  is  simply  a  repetition  in  a  different  form  of  ma¬ 
terial  that  has  been  published  before,  I  wish  to  close  this  paper 
with  a  recapitulation  of  the  advantages  as  well  as  the  disadvan¬ 
tages  of  using  A.  C.  single  phase  motors  as  against  the  present 
system  wherein  rotary  converters  and  D.  C.  motors  are  used. 

Among  the  advantages  are — 

1st.  The  abolition  of  the  voltage  limit  for  distributing  cir¬ 
cuits,  When  it  is  understood  that  the  cost  in  the  present  D.  C. 
system  of  the  distributing  circuits — that  is  the  circuits  taking 
power  from  substations  to  cars — amounts  in  a  normal  interurban 
proposition  to  40^  or  501#  of  the  total  outlay  for  electrical  appara¬ 
tus — much  the  largest  single  item — and  when  it  is  further  under¬ 
stood  that  by  raising  the  voltage  the  cost  of  the  distributing  sys¬ 
tem  may  be  reduced  to  a  comparatively  small  fraction  of  that  nec¬ 
essary  in  the  D.  C.  system,  the  importance  of  this  matter  of  abol¬ 
ishing  trolley  voltage  limits  may  be  better  realized. 

2nd.  Necessity  for  rotary  converters  done  away  with.  In 
an  interurban  system  this  usually  means  doing  away  with  an  item 
in  first  cost  of  perhaps  10#,  as  well  as  avoiding  the  rotary  losses 
which  amount  to  approximately  10$  of  the  power  transmitted. 

3rd.  The  avoidance  of  skilled  attendance  in  the  substations. 
This  avoidance  of  skilled  attendance  has  the  double  effect  of  re¬ 
ducing  the  yearly  cost  of  operation  and  of,  therefore,  enabling 
feeding  points  to  be  established  more  frequently.  This  in  turn  has 
a  marked  effect  on  the  cost  and  losses  in  the  distributing  system 
in  favor  of  the  A.  C.  system. 

4th.  Avoidance  of  rheostatic  losses  at  the  cars  due  to  the 
fact  that  A.  C.  voltages  can  be  controlled  by  inexpensive  appara¬ 
tus — a  property  not  possessed  by  D.  C.  voltages.  It  follows  that 
for  the  rheostats  which  cause  a  considerable  amount  of  power  loss 
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in  starting,  D.  C.  cars  can  be  substituted,  a  method  of  voltage 
control,  thereby  avoiding  the  starting  losses. 

5th.  Electrolysis  abolished.  To  many  engineers  the  gravest 
problem  for  the  electric  railways  of  the  present  time  to  overcome 
is  the  damage  caused  by  the  electrolysis  of  th  ground  return  cur¬ 
rents.  It  is  a  problem,  too,  that  is  assuming  constantly  greater 
proportions  as  time  goes  on  and  many  railway  operators  would 
place  the  fact  that  this  danger  is  abolished  by  using  alternating 
current  first  among  the  advantages  of  the  system. 

6th.  The  ability  to  use  low  voltage  motors  with  a  high 
voltage  trolley.  The  change  in  voltage  between  trolley  and  motors 
may  be  accomplished  by  a  transformer  carried  by  the  car.  Motors 
are  inherently  difficult  to 'insulate,  therefore  the  ability-  to  reduce 
voltage  thereon  is  important  in.  increasing  both  their  life  and  re¬ 
liability.  A  transformer,  on  the  other  hand,  is  a  piece  of  appara¬ 
tus  which  is  comparatively  easy  to  insulate  and  therefore  can  be 
relied  upon  to  take  care  of  the  high  voltage  strains. 

Among  the  disadvantages  that  might  be  cited  against  the  A. 

C.  system  are : 

1st.  Increased  weight  of  equipment.  Although  the  A.  C. 
motors  themselves  are  approximately  the  same  weight  as  D.  C. 
motors  of  the  same  capacity,  the  regulating  devices  and  the  trans¬ 
former  which  we  deem  it  advisable  to  use,  make  the  A.  C.  equip¬ 
ment  somewhat  heavier  than  the  equivalent  D.  C.  The  total 
weight  of  a  loaded  car,  however,  when  equipped  with  A.  C.  ap¬ 
paratus,  will  not  exceed  the  equivalent  D.  C.  by  more  than  about 
5 A  The  handicap’ is  therefore  a  small  one. 

2nd.  The  increased  loss  in  iron  conductors  of  A.  C.  over 

D.  C. 

The  bare  statement  that  a  given  A.  C.  of  25  cycles  frequency 
in  an  iron  rail  causes  five  times  the  loss  caused  by  a  D.  C.  of  the 
same  amperage,  sounds  serious.  When  we  come  to  consider  that 
a  large  part  of  the  return  current  loss  occurs  in  the  connecting 
bonds,  in  which  the  A.  C.  and  D.  C.  loss  is  practically  the  same ; 
that  the  rail  loss  is  usually  a  small  proportion  of  the  total ;  that 
with  A.  C.  the  voltage  will  usually  be  higher  and  therefore  the 
current  less,  and  that  finallv  with  A.  C.  the  distance  to  return  the 
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current  to  feeding  point  is  usually  much  less,  the  fact  of  higher 
A.  C.  loss  loses  much  of  its  seriousness. 

In  the  above  the  writer  has  tried  to  give  as  comprehensively 
as  possible  in  the  space  of  time  occupied  a  general  view  of  the 
electric  railway  situation  and  the  advantages  which  will  accrue  to 
the  use  of  A.  C.  thereon.  The  objection  may  be  made  that  my 
claims  for  the  A.  C.  system  are  not  yet  established  because  un¬ 
tried,  To  this  I  answer  that  while  the  system  has  not  yet  been 
in  regular  operation  in  commercial  service,  both  single  motors 
and  complete  equipments  have  been  operated  by  the  Westing- 
house  Electric  &  Mfg.  Co.  at  East  Pittsburg,  which  have  con¬ 
vinced  the  engineers  of  that  Company  that  they  have  nothing  to 
fear  from  the  coming  commercial  development  trial.  On  the 
strength  of  this  feeling  of  confidence,  four  contracts  for  railways 
to  be  equipped  with  A.  C.  apparatus  have  already  been  taken. 
The  starting  of  these  roads  means  the  beginning  of  a  new  era  in 
electric  railroading. 


DISCUSSION. 

Vice  President — You  have  heard  these  highly  interesting 
papers ;  they  are  open  for  discussion  now.  • 

Mr.  Scott — Mr.  President,  we  have  heard  this  evening  of 
the  very  rapid  development  there  has  been  during  the  past 
twenty  years  in  the  methods  of  passenger  transportation.  I 
read  not  long  ago,  a  book  by  Mr.  Geo.  S  Morrison,  entitled 
“The  New  Epoch.*’  It  is  a  book  which  every  engineer  should 
read.  It  mentions  the  progress  of  the  human  race  from  its 
earliest  savagery  up  through  various  steps  to  civilization,  and 
notes  that  there  have  been  different  epochs,  one  of  which  is 
marked  by  the  introduction  of  animal  power,  a  new  power 
brought  to  aid  that  of  man’s  muscles.  The  introduction  of  the 
beast  of  burden  marked  a  new  epoch  way  back  in  the  ages  pre¬ 
ceding  civilization,  and  yet  there  was  nothing  new  in  the 
means  of  passenger  transportation  for  ordinary  service  such  as 
that  through  our  cities,  nothing  new  from  those  pre-historic 
times  down  until  the  time  within  the  memory  of  us  all.  There 
was  nothing  but  travel  by  horseback  and  by  carriage ;  in  Pitts¬ 
burg  there  was  not  even  a  car  on  rails  until  some  forty  years 
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ago.  The  first  street  car  running  on  rails  in  Pittsburg  was  in 
1859.  The  horse-power  was  continued  until  along  in  1888  or 
1889,  when  the  electric  motor  and  the  cable  road  were  both  in¬ 
troduced  ;  but  the  cable  soon  disappeared  and  the  electric  road 
prevailed.  That  is,  the  horse  had  his  full  sway  for  unknown 
ages  until  within  the  past  twenty  years,  and  then  was  com¬ 
pletely  superseded  by  the  electric  road  within  a  very  few 
years.  Both  papers  have  pointed  out  that  in  the  electric  rail¬ 
way,  certain  elements  have  prevailed  from  the  first  commercial 
railways  until  the  present.  They  have  been  of  one  type ;  there 
has  only  been  one  new  element  of  note,  and  it  has  simply 
been  a  means  to  extend  the  direct  current  motor  system.  All 
the  development  that  there  has  been,  therefore,  in  the  past  ex¬ 
pansion  and  extension  has  been  along  certain  defined  lines,  and 
certain  limitations  have  been  reached.  Now  something  is 
presented  which  is  radically  new,  in  that  it  affords  a  means  of 
overcoming  the  limitations  which  have  been  encounted ; 
something  which  is  cheaper,  that  can  do  things  which  could 
not  be  done  before,  and  yet  something  which  contains  those 
fundamental  characteristics  in  the  older  system  which  are  so 
well  adapted  to  the  work  to  be  done.  Moreover,  the  new  sys¬ 
tem  which  seems  so  well  to  meet  an  extending  field,  gives 
promise  of  a  new  era  of  development  and  extension  in  railway 
work.  It  overcomes  many  of  the  difficulties  which  are  en¬ 
countered  in  the  ordinary  forms  of  apparatus  for  the  operation 
of  heavy  locomotives,  those  of  the  order  used  in  steam  rail¬ 
way  service.  It  overcomes  the  difficulties  which  are  en¬ 
countered  under  the  present  system  in  the  extension  of  long 
suburban  lines.  It  overcomes  many  of  the  difficulties  which 
are  encountered  in  heavy  city  work ;  and  it  overcomes  these 
difficulties  in  a  way  which  in  general  involves  a  less  cost.  So 
that,  as  far  as  one  can  judge  from  the  indications,  and  indi¬ 
cations  which  are  based  on  apparatus  which  has  been  made 
and  tested,  we  have  something  now  presented  to  us  which 
opens  a  new  field  in  railway  work. 

Mr.  Clark — I  would  like  to  ask  Mr.  Lincoln  die  number  of 
cycles,  the  number  of  alternations  and  the  voltage  on  the  new 
alternating  line. 
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Mr.  Lincoln — The  standard  frequency  will  be  25  cycles 
per  second,  which  is  a  standard  which  lias  already  been 
adopted  for  many  power  plants.  The  two  frequencies  which 
have  commanded  the  greatest  use  in  this  country  are  25 
cycles  for  low  frequency  work  and  60  cycles  for  high  frequency 
work.  We  have  adopted  this  alternating  current  system  to 
25  cycles,  the  standard  low  frequency.  When  we  come  to  the 
voltage  that  a  customer  wants  to  use.  If  the  customer  wants 
to  use  a  low  voltage,  as  a  matter  of  safety,  we  can  adapt  the 
system  to  the  use  of  low  voltage,  but  the  customer  will  have 
to  put  up  with  the  difficulties  which  naturally  accompany  low 
voltage,  such  as  losses  in  expenses  of  the  distributing  system 
and  the  difficulty  of  collecting  the  large  currents  from  the 
working  conductor.  Rut  in  that  matter  of  voltages  we  have 
a  very  flexible  system  and  can  adapt  it  to  whatever  is  desired. 

Mr.  Sciiatz — I  think  Mr.  Lincoln  has  made  it  very  evident 
why  the  alternating  current  motor  is  going  to  come  into  use 
very  extensively  and  I  think  it  would  interest  us  all  to  hear 
something  about  that  motor.  The  one  thing  is  how  they  are 
going  to  build  those  motors  in  opposite  directions  so  that  the 
cars  can  be  operated  in  both  ways.  Probably  there  are  some 
other  little  things,  too,  that  might  be  interesting. 

Mr.  Lincoln — There  is  nothing  mysterious  about  this 
motor.  It  is  simply  the  direct  current  motor,  as  you  find  it  on 
the  cars  which  it  has  been  attached,  made  good  enough  for  an 
alternating  current  of  25  cycles  per  second.  The  principle  is 
exactly  the  same.  The  direction  of  current  through  any  ser¬ 
vice  motor  can  be  reversed  and  the  motor  will  never  know  the 
difference.  That  is,  the  trolley  may  be  either  passive  or  nega¬ 
tive  without  distributing  the  operation  of  the  car.  It  follows, 
therefore,  that  you  can  run  a  block  with  a  positive  trolley,  and 
the  next  block  with  a  negative  trolley,  and  the  motor  will  run 
along  all  right.  If  you  keep  on  increasing  the  frequency  of  al¬ 
teration  the  motor  keeps  on  working  the  same  way.  With 
commercial  frequencies  certain  problems  arise  due  to  the  cir¬ 
culation  of  alternating  current  in  the  motor.  These  problems 
are  taken  care  of  by  proper  design. 

Perhaps  the  question  was  how  the  motor  was  going  to  be 
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reversed  in  direction.  Well,  just  exactly  the  same  as  the  direct 
current  motor  is  reversed,  that  is,  by  reversing,  the  direction 
which  the  current  travels  through  the  field  relative  to  the 
armature.  The  alternating  current  motor  is  reversed  in  ex¬ 
actly  the  same  manner  as  the  direct  current  motor. 

Vice  President — Gentlemen,  any  more  questions?  - 

Mr.  Ridinger — What  is  the  type  of  controller  used? 

Mr.  Lincoln — The  control  of  the  motor  is  merely  a  voltage 
control.  There  are  a  number  of  means  which  can  be  applied 
to  changing  the  voltage  at  the  motors  and  keeping  a  constant 
trolley  voltage  at  the  same  time.  One  of  them  is  to  bring  out 
loops  from  the  transformer  windings,  so  as  to  obtain  a  num¬ 
ber  of  different  voltage  points  and  to  throw  the  motors  from 
point  to  point  on  the  transformer  winding,  as  it  is  desired  to 
change  the  voltage.  That  method  has  certain  constructional 
objections,  such  as  the  breaking  of  the  heavy  currents  at  the 
points  of  contact.  The  method  which  will  probably  be  very 
largely  used,  is  to  use  what  we  call  an  induction  regulator. 
That  consists  of  a  transformer  whose  secondary  is  movable 
with  reference  to  its  primary  so  that  by  simply  moving  the 
secondary  through  an  arc  of  -80  degrees,  we  may  get  a  varia¬ 
tion  in  the  voltage  applied  to  the  motors.  That  is  the  voltage 
of  this  induction  regulator  may  be  made  to  add  to  a  certain 
voltage  furnished  by  the  transformer,  or  it  may  be  made  to 
subtract  from  this  certain  fixed  voltage ;  so  that  the  total  range 
of  voltage  is  the  certain  fixed  voltage  plus  the  regulator  vol¬ 
tage  as  a  maximum  down  to  the  certain  fixed  voltage  minus  the 
regulator  voltage  as  a  minimum.  And  that  scheme  has  the  ad¬ 
vantage  of  having  no  contacts  to  make  or  break.  The  current 
is  not  made  or  broken  at  any  point  in  the  operation  of  the 
regulator,  so  that  the  difficulty  which  is  now  being  experienced 
to  a  considerable  extent  with  direct  current  controller  appar¬ 
atus  due  to  the  breaking  of  heavy  arcs  will  be  avoided. 

Mr.  Ridinger — Is  that  turning  done  bv  hand  or  bv  means 
of  a  motor? 

Mr.  Lincoln — Lsually,  on  the  equipments  which  we  have 
laid  out,  the  apparatus  is  so  large  and  so  powerful  that  it  can¬ 
not  verv  well  be  done  bv  hand  and  is  done  bv  means  of  an 
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ail  motor.  It  can  be  done  by  means  of  the  electric  motor  or 
anv  other  power  devices.  It  might  be  done  by  hand,  but  the 
amount  of  power  required  for  the  larger  systems  is  too  great 
to  allow  it  to  be  done  conveniently  by  hand.  I  may  state  in 
that  connection  that  the  invariable  practice  on  modern  roads 
is  to  use  air  breaks,  so  that  the  addition  of  the  air  motor  for  the 
operation  of  the  controller  is  not  a  hardship;  it  merely  means 
the  using  of  a  little  more  air. 

Mr.  Ridinger — In  case  you  would  furnish  a  train  of  several 
cars  with  those  small  motors  controlling  the  regulator,  could 
they  be  connected  in  multiples,  so  that  it  could  be  controlled 
from  one  point? 

Mr.  Lincoln — Yes,  it  could  be  very  easily  adapted  10  this 
system,  so  that  the  movement  of  a  single  master-switch  will 
cause  all  the  regulators  on  this  train  to  move  back  and  forth 
in  unison.  The  system  is  easily  adapted  to  the  multiple  con¬ 
trol  system. 

Vice  President — I  would  like  to  hear  Mr.  Storer’s  side  of 
this  question.  He  is  a  direct  current  man  and  might  have  some 
kicks  coming  on  the  alternating  system. 

Mr.  Storer — One  of  the  places  where  the  alternating  cur¬ 
rent  motor  is  going  to  help  the  direct  current  system,  and  is 
going  to  displace  it,  is  the  collection  of  the  current  or  the 
power  necessary  for  operating  large  trains.  It  is  a  big  ques¬ 
tion,  a  serious  question,  to  devise  means  for  collecting  the  cui- 
rent  necessary  for  operating  a  heavy  train  or  accelerating  it 
quickly  and  moving  it,  when  the  power  is  generated  at  such  a 
low  voltage,  as  we  have  to  do  with  a  direct  current  system. 
In  the  express  service,  which  has  been  contemplated  on  the 
inter-borough  system  in  Xew  York,  that  is  in  the  sub-wav 
trains,  they  intend  to  operate  eight-car  trains,  and  each  one 
of  these  cars  is  to  be  equipped  with  two  two-hundred  horse¬ 
power  motors.  The  power  required  in  accelerating  that  train 
will  run  up  to  about  5000  amperes.  Xow  that  must  be  col¬ 
lected  from  a  third  rail,  a  section  of  third  rail  the  length  of  the 
train.  Ie  means  that  very  heavy  conductors  are  required ;  very 
goon  contacts  must  be  used  and  if  they  do  not  make  the  most 
perfect  contact,  there  is  going  to  be  serious  trouble.  That  was 
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found  to  be  the  case  when  the  first  electric  locomotive  for  the 
Baltimore  tunnel  were  put  into  service ;  there  was  the  greatest 
difficulty  in  collecting  the  current.  Sometimes  the  trolley  shoe 
which  they  used  would  become  simply  welded  to  the  over¬ 
head  conductor  which  was  in  the  form  of  a  rail  of  some  des¬ 
cription,  and  it  was  scarcely  possible  to  pull  it  away  without 
tearing  the  whole  structure  down.  Again,  in  moving  the  train 
along,  there  would  simply  be  an  electric  shower  of  fire  from 
the  conductor  all  the  time,  caused  by  the  heavy  current.  Now 
with  this  alternating  current  they  will  probably  use  a  voltage 
five  to  six  times  as  great  and  that  means  dividing  the  current 
by  five  or  six  as  the  case  may  be,  which  cuts  that  difficulty 
right  down. 

While  I  have  always  been  interested  in  the  direct  current 
railway  system,  since  I  started  in  work,  I  must  say  that  I  am 
very  glad  to  see  the  alternating  current  system  come  along, 
and  I  believe  that  this  motor  has  tremendous  possibilities.  I 
can  see  the  difficulties  that  are  in  the  way  of  it  probably  as 
plainly  as  any  one,  but  the  qualities  of  the  motor  are  such  that 
they  will  eventually  make  it  thoroughly  successful  and  it  is 
only  necessary  to  drive  out  the  weak  points  in  it  by  commer¬ 
cial  service  for  a  few  months,  when  no  one  need  be  afraid  to 
adopt  it,  either  for  city  or  suburban,  interurban  or  long  trunk 
lines.  I  think  that  is  the  motor  which  is  going  to  be  used  for 
the  trunk  lines  of- the  future.  The  time  of  the  steam  locomo- 
time  is  passing.  It  may  be  early  to  say  that  it  will  not  be  in 
existence  in  five  or  ten  years,  because  it  will  be  used  for  a  good 
many  years,  but  the  electric  system  is  bound  to  displace  it  in 
the  course  of  time,  and  it  is  the  single  phase  alternating  cur¬ 
rent  which  is  going  to  do  the  work. 

Mr.  Scott — One  of  Mr.  Storer’s  figures  I  have  resolved 
into  a  different  form.  He  states  that  a  train  on  the  sub-way  in 
New  York  requires  5,000  amperes.  Now  5,000  amperes,  at 
600  volts,  develops  a  power  equivalent  to  that  required  for  the 
operation  of  60,000  ordinary  incandescent  lamps.  That  is  the 
power  taken  for  a  single  train  in  starting. 

Mr.  Anderson — In  view  of  these  speed  tests  over  in  Ger¬ 
many,  it  might  be  of  interest  to  have  these  gentlemen  explain 
the  difference  between  that  system  and  this. 
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Mr.  Lincoln — That  is  one  of  the  systems  which  are  using 
the  induction  motor  as  a  motive  power  instead  of  any  of  the 
types  which  have  been  described  to-night.  I  do  not  know  that 
I  can  say  very  much  more  about  it,  except  that  in  that  system 
very  high  voltage  motors  have  been  used,  motors  of  the  induc¬ 
tion  type.  One  of  the  main  disadvantages  has  been  that  this 
type  of  motor  requires  three  working  conductors.  In  the  cuts 
which  appeared  in  the  technical  journals,  and  some  of  the 
popular  journals,  from  time  to  time,  you  will  note  that  there 
have  been  three  parallel  trolley  wires  and  that  the  car  has  car¬ 
ried  three  trolleys.  This  is  made  necessary  by  the  fact  that 
poly-phase  induction  motors  are  used  on  the  cars,  instead  of 
single-phase  or  direct  current  motors,  which  require  only  two 
working  conductors,  of  which  the  rail  may  be  one,  so  that  the 
trolleys  can  be  reduced  to  but  one.  That  motor,  as  explained 
in  what  I  read  to-night,  is  inherently  a  constant  speed  motor. 
That  is,  if  the  motor  has  the  power  of  operating  the  train,  for 
instance,  at  a  hundred  miles  per  hour  at  its  most  efficient 
point,  when  the  train  is  operating  at  50  miles  per  hour,  one- 
half  the  normal  speed,  the  efficiency  cannot  be  over  50^.  The 
efficiency  cannot  be  oven*  the  ratio  of  the  operating  speed  to 
the  maximum  speed.  Is  is  necessarily  less  than  that.  The  rest 
of  the  power  is  lost  in  rheostats,  or  some  other  manner;  so 
that  that  type  of  motor  is  not  at  all  adapted,  in  the  estimation 
of  American  engineers,  to  the  electric  railway  operation. 

Mr.  Renshaw — As  I  understand  these  German  tests,  thev 
were  laid  out  principally  for  the  purpose  of  investigating  high¬ 
speed  conditions  rather  than  as  a  test  for  the  particular  type 
of  motor  that  was  used  in  them.  Their  object  was  merely  to 
record  the  power  required  to  drive  cars  at  those  high  speeds. 
They  used  that  type  of  motor  because  that  was  the  only  thing 
they  had  available  at  that  time,  and  I  don’t  think  the  tests 
in  Germany  were  laid  out  to  exploit  that  type  of  motor  at  that 
time.  Any  type  would  have  done  equally  well. 

YTce  President — They  made  that  experiment  only  with  a 
single  car,  too;  they  had  no  long  trains;  they  did  not  need  so 
much  power.  If  they  have  to  take  off  one  trolley  power  for 
three,  four,  or  more  cars,  of  course  more  current  is  consumed 
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in  proportion,  and  it  would  be  harder  on  the  trolley,  and  that 
is  where  that  point  comes  in  that  Mr.  Storer  mentions,  that 
the  shoe  welded  to  the  conductor. 

Mr.  Flanagan— I  would  like  to  ask  Mr.  Lincoln  if  the 
starting  torque  in  this  alternating  current  motor  is  exactly  the 
same  as  that  of  the  direct  current  series  motor,  of  the  same 
power,  in  operating  the  car  in  other  respects.  That  is,  in  two 
motors  of  equal  power  is  the  starting  torque  absolutely  as 
great  in  the  alternating  current  motor  as  in  the  direct  current? 

Mr.  Lincoln — The  alternating  current  motor  has  probably 
a  little  advantage  in  that  respect.  The  alternating  current 
motor  is  designed  to  operate  at  a  lower  point  in  the  saturation 
of  the  iron.  The  necessary  consequence  of  that  is  that  the 
torque  increases  in  a  faster  proportion  to  the  current  in-put 
than  it  does  in  the  direct  current. 

Mr.  Peck — I  have  had  occasion  recently  to  ride  over  some 
of  the  long  inter-urban  roads  in  Ohio  and  Indiana.  On  those 
roads  the  drop  in  the  feeders  is  so  great  that  at  night  the  lights 
go  almost  out;  and  one  rides  along  for  miles  without  being 
able  to  read  and  hardly  to  recognize  the  people  across  the  aisle 
of  the  car.  With  an  alternating  current  system  it  will  be  pos¬ 
sible  to  have  better  lights,  for  on  account  of  the  higher  vol¬ 
tages  employed  on  the  trolley  there  will  be  less  loss  in  the 
feeders,  with  correspondingly  higher  voltage  on  the  lamps, 
thus  adding  to  the  comfort  and  pleasure  of  the  passengers. 

Mr.  Dewson — Perhaps  Mr.  Lincoln  woidd  explain  to  us  the 
difference  between  the  Lamme  motor  and  the  Thompson 
motor,  or  the  other  motors  that  are  put  up  by  the  different 
concerns. 

Mr.  Lincoln — The  Lamme  motor  is  the  straight  series 
motor.  It  is  the  direct  current  motor,  which  we  are  all  familiar 
with,  designed  so  it  can  be  operated  on  alternating  currents. 
The  so-called  repulsion  motor,  which  is  being  exploited  by  an¬ 
other  company,  is  a  motor  which  is  practically  the  same  in  its 
characteristics  as  the  series  motor.  The  difference,  however, 
is  that  the  current  is  introduced  into  the  revolving  element  by 
induction  instead  of  by  conduction.  Instead  of  introducing 
current  which  flows  through  the  field  directly  into  the  arma- 
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ture,  it  is  introduced  into  the  armature  by  a  transformer  action. 
The  field  of  the  motor  in  that  case  becomes  the  primary  of 
the  transformer  and  the  rotating  armature  the  secondary. 
The  resultant  effect  is  a  motor  whose  characteristics  are  prac¬ 
tically  the  same  as  the  Lamme  motor.  It  is  rather  difficult  to 
go  into  the  details  of  this  matter  without  raising  technical 
points  which  are  probably  more  abstruse  than  the  majority 
here  would  like  to  listen  to. 

Mr.  Waters — I  would  like  to  ask  Mr.  .Lincoln  if  these  alter¬ 
nating  current  motors  can  be  used  satisfactorily  for  short  dis¬ 
tances  over  the  present  direct  current  system.  Were  any  run¬ 
ning  over  a  direct  current  line  for  a  short  distance  in  the  city? 

Mr.  Lincoln — The  motor  being  practically  a  direct  current 
motor,  can,  of  course,  be  used  on  direct  currents.  A  difficulty 
when  operating  an  alternating  car  on  direct  currents  comes  in 
the  controlling  mechanism.  Such  control  as  gives  the  best  re¬ 
sults  when  operating  as  an  alternating  current  car  cannot  be 
used  when  operating  as  a  direct  current  car.  Another  difficulty 
which  arises  is,  that  in  order  to  make  a  successful  alternating 
current  motor,  the  voltage  which  can  be  applied  is  limited  to 
a  point  which  is  below  the  voltage  of  the  direct  current  motor; 
so  that  the  motors,  if  operated  on  direct  currents,  have  to  be 
operated  in  series.  There  are  certain  disadvantages  to  operat¬ 
ing  motors  constantly  in  series,  which  would  naturally  accrue 
to  the  alternating  motors  when  operating  on  direct  currents.  It 
is  perfectly  possible  to  operate  these  motors  on  direct  currents, 
but  it  makes  a  somewhat  complicated  arrangement. 

Mr.  Waters — Another  question:  Is  the  trolley  on  the  car 
such  that  it  could  be  used  with  the  low  voltage  in  the  city  and 
the  high  voltage  in  the  country,  in  the  suburban  service? 

Mr.  Lincoln — Yes,  that  is  perfectly  feasible.  J11  one  of  the 
contracts  for  a  road  which  my  company  has  undertaken  we 
are  required  to  run  at  a  trolley  voltage  of  3,000  volts  alternat¬ 
ing  part  of  the  way,  part  of  the  way  at  a  trolley  voltage  of  500 
volts,  alternating,  and  part  of  the  way  at  a  trolley  voltage  of 
550  volts  direct.  That  will  show  you  the  flexibility  of  the  sys¬ 
tem.  Our  equipments  are  being  made  to  operate  under  those 
three  conditions. 
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Mr.  Anderson — One  more  question,  Air.  President:  If  this 
motor  is.  run  as  a  distinctive  motor,  what  will  the  weight  be 
as  compared  with  the  present  locomotive  in  tonnage?  Would 
it  be  run  as  a  distinctive  unit,  separate  from  the  cars,  or  will 
they  become  a  part  of  the  car  the  same  as  the  street-car 
system  ? 

Mr.  Lincoln — Well,  that  is  a  question  which  is  entirely 
separate  from  the  motor.  Either  can  be  done.  We  can  either 
use  the  locomotive  or  put  the  motors  under  the  live  load  and 
use  the  live  load  for  traction  purposes.  It  depends  upon  the 
result  that  is  to  be  accomplished.  For  freight  service  probably 
the  locomotive  will  be  used ;  but  in  attacking  the  ordinary  inter- 
urban  railway  problem  that  we  get,  each  car  is  made  a  motor 
car,  as  a  rule. 

Mr.  Anderson — The  point  I  wanted  to  get  at  was,  if  you 
run  it  as  a  locomotive  what  will  be  the  tonnage  as  compared 
with  the  present  locomotive  tonnage? 

Mr.  Lincoln — Compared  to  steam  it  would  be  considerably 
less,  for  two  reasons.  One  is  you  don’t  have  a  tank  for  water 
and  coal,  which  simply  is  an  addition  of  weight  not  necessary 
in  the  electric  locomotive,  and  the  other  is  that  the  torque,  at 
all  points  of  the  revolution  of  drivers,  is  constant,  whereas  in 
the  ordinary  locomotive  there  are  points  where  the  torque  is 
considerably  higher  than  at  other  points.  That  means  that  the 
torque  at  the  maximum  torque  of  the  revolution  cannot  ex¬ 
ceed  the  point  of  slippage,  whereas  on  the  motor  we  can  run 
the  torque  up  at  all  points  of  the  revolution  to  the  point  of 
slippage. 

Mr.  Storer — There  is  one  other  point  that  may  be  men¬ 
tioned  in  connection  with  that  single-phase  motor.  That  is 
that  it  is  more  nearly  full  proof  the  handling  of  the  motor 
in  our  city  cars ;  for  instance,  if  a  man  only  uses  one  notch  on 
his  trolley,  and  that  is  the  last  one,  he  can  jerk  the  car  from 
under  the  passengers  entirely  and  the  current  which  will  come 
through  there  will  not  be  anything  nearly  as  great  as  it  would 
be  with  a  corresponding  direct  current  motor.  It  will  carry 
probably  as  much  power  as  the  wheels  can  hold  down  com¬ 
fortably,  but  it  can't  jerk  the  car  as  the  direct  current  motot 
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does.  It  is  going  to  be  much  better  and  safer  in  that  respect. 

Mr.  Ridjxger — Before  adjourning  I  move  that  the  Society 
extend  to  Mr.  Renshaw  and  Mr.  Lincoln  a  vote  of  thanks  for 
their  very  valuable  papers. 

Mr.  Smyth e — Before  that  motion  is  put  befoie  the  house 
there  is  just  one  question  I  would  like  to  ask  and  that  is  in 
regard  to  the  overhead  construction.  Relative  to  the  new  sys¬ 
tem,  what  effect  is  that  going  to  have  in  regard  to  the  trolley 
and  feeder  systems,  as  we  have  them  now  under  the  direct 
current  system?  Is  it  going  to  curtail  the  circular  millage  of 
the  feeders,  as  we  now  use  them,  for  a  five  to  six  lumdred-volt 
direct  current? 

Mr.  Lincoln — That  reduction  of  the  amount  of  distributing 
copper  is  one  of  the  main  points  of  advantage  of  the  alternat¬ 
ing  current  system.  The  reduction  may  be  obtained  either  by 
raising  the  voltage  or  by  placing  the  feeding  points  of  the  sys¬ 
tem  closer  together.  As  a  rule  the  systems  which  we  have 
figured  upon,  we  have  estimated  upon  simply  the  trolley  wire 
alone  for  the  secondary  distributing  circuit.  Uusually  me¬ 
chanical  considerations  do  not  allow  of  the  use  of  less  than  a 
certain  size  trolley,  possibly  Xo.  oo,  and  that  amount  of  cop¬ 
per,  by  spacing  the  sub-stations  at  conveniently  frequent  in¬ 
tervals,  is  entirely  sufficient,  and  usually  entails  a  much  less 
loss  than  occurs  in  the  present  direct  current  system.  That 
means  the  elimination  of  the  feeder  systems,  as  they  exist  to¬ 
day.  It  is  cheaper  to  put  in  transformers,  as  a  rule,  than  to  put 
up  copper. 

Vice  President — Now  the  motion  is  that  we  express  our 
thanks  for  these  highly  interesting  papers,  which  were  so  well 
discussed,  and  surely  will  be  read  in  the  proceedings  with 
much  satisfaction.  (Motion  carried.)  Mr.  Scott  will  address 
you  on  something  which  will  interest  vou.  Mr.  Scott  has  the 

W  O  m 

floor. 

Mr.  Scott — Mr.  President,  this  has  been  to  me  a  Aery  not¬ 
able  day,  and  I  want  to  take  this  occasion,  before  this  society, 
to  make  a  public  announcement  of  something  which  is  being 
made  public  to-day  and  will  probably  appear  in  the  papers  to¬ 
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If  I  may  be  allowed  to  reminesce,  and  be  pardoned  if  some 
of  my  statements  are  somewhat  personal,  I  will  ask  your  for¬ 
bearance  for  a  moment.  Some  two  years  ago  I  became  Presi¬ 
dent  of  this  Society  and  I  became  very  much  interested  in  the 
Society  as  an  organization  of  engineers,  and  I  begun  to  see 
something  new  in  an  engineering  society;  in  it,  as  a  force 
among  engineers,  and  engineers  as  a  force  in  modern  society. 
I  was  called  upon  the  next  fall  to  become  president  of  the 
American  Institute  of  Engineers.  I  came  to  that  work  fresh 
from  the  inspiration  I  had  gained  from  the  efforts  and  co¬ 
operation  with  you  in  this  Society,  and  I  entered  heartily  into 
its  work  and  its  development.  It  is  an  organization  of  the  en¬ 
gineers  who  have  been  fundamental  in  producing  such  marvel¬ 
ous  results  as  those  we  have  heard  this  evening,  which  have 
become  of  such  great  prominence  and  importance  during  the 
past  decade. 

Within  a  few  months  I  was  privileged  to  attend  the  John 
Fritz  dinner,  the  anniversary  occasion  of  the  venerable  John 
Fritz,  following  his  80th  birthday,  many  of  his  friends  having 
joined  together  and  raised  a  fund  to  establish  the  John  Fritz 
medal,  to  be  awarded  yearlv.  That  was  a  notable  dinner  of 
some  four  or  five  hundred.  The  medal  and  the  dinner  were 
gotten  up  by  committees  from  the  four  national  engineering 
societies,  and  I  became  in  this  way  better  acquainted  with  the 
other  societies,  and  it  seemed  to  me  there  was  a  great  possi¬ 
bility  in  what  these  societies  could  do  in  working  together. 
About  this  same  time,  I  think  it  was  the  same  week,  a  Build¬ 
ing  Committee  of  the  Institute  met  with  the  Board  of  Direc¬ 
tors  and  discussed  ways  and  means.  There  was  a  suggestion 
that  we  ought  to  have  a  joint  building  with  other  societies; 
but  that  was  looked  upon  as  being  in  theory  very  good, 
but  really  quite  impracticable.  But  I  cherished  the  ideal  and 
hoped  that  a  time  would  come  when  something  definite  could 
be  accomplished.  I  built  air  castles  along  this  line  and  talked 
with  some  friends  about  it  and  suggested  it  at  the  25th  anni¬ 
versary  of  the  Engineers’  Club  at  Philadelphia,  at  which  I  was 
priveleged  to  present  some  ideas  on  the  “Engineer  of  the  20th 
Century,”  with  which  many  of  you  are  more  or  less  familiar. 
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Some  two  months  after  that  the  American  Institute  had  an  annual 
dinner,  at  which  Mr.  Carnegie  was  the  guest  of  honor,  and  I 
made  some  remarks  in  which  I  suggested  the  line  of  thought 
which  I  have  just  introduced  here;  the  importance  of  the 
modern  engineer,  the  great  results  which  come  through  oc- 
operation,  the  great  benefit  it  would  be  to  the  engineering  pro¬ 
fession  to  have  closer  co-operation  among  its  different 
branches,  and  the  advantage  it  would  be  to  have  a  building 
which  would  be  a  material  basis  for  the  things  which  engineers 
want  to  do.  That  idea  appealed  to  Mr.  Carnegie,  and  the  next 
day  he  sent  for  me  and  Mr.  C.  W.  Rice,  a  member  of  the  In¬ 
stitute,  who  was  at  that  time  a  resident  of  Pittsburg  and  a 
member  of  this  society.  \Ye  called  on  Mr.  Carnegie  and  he 
said  he  had  been  interested  in  the  idea  of  co-operation  among 
engineers  and  wanted  to  know  what  our  ideas  were  in  the  way 
of  a  building.  The  matter  was  discussed  informally,  and  he 
said.  “Well,  go  and  get  your  plans  and  when  you  have  some 
plans  come  back  and  I  will  be  glad  to  see  you  again.”  So  we 
got  together  with  some  of  the  friends.  We  went  first  to  the  treas¬ 
urer,  and  one  of  the  leading  men  of  the  John  Fritz  dinner  com¬ 
mittee,  and  as  a  result  we  got  together  members  of  the  dif¬ 
ferent  organizations;  we  had  a  meeting  the  next  day  and  we 
appointed  a  sub-committee  which  waited  on  Mr.  Carnegie, 
and  on  Saturday  of  the  same  week  he  indited  the  letter  with 
which  you  are  all  familiar,  presenting  to  the  four  national  en¬ 
gineering  societies  and  the  Engineers*  Club  the  sum  of  $1,000,- 
000.00  for  the  building.  You  know  the  history  during  the  last 
year:  all  the  societies,  except  one,  took  favorable  action  at 
once,  but  the  other  took  the  matter  under  consideration  and 
finally  determined  not  to  accept.  The  whole  scheme  then 
seemed  to  have  about  reached  its  termination,  for  in  Mr.  Car¬ 
negie's  mind  the  great  idea  was  co-operation,  the  bringing  to¬ 
gether  of  the  branches  of  the  engineering  profession  and  put¬ 
ting  them  on  a  new  basis  for  the  future. 

Mr.  Carnegie  has  had  a  far-reaching  ideal  and  the  essence 
of  the  schemes  seemed  to  be  gone  when  the  thing  upon  which 
he  had  depended  so  much,  a  hearty  co-operation,  was  found  to 
be  wanting. 
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A  week  ago  to-day  a  committee  waited  upon  him,  a  com¬ 
mittee  of  the  concurring  societies,  as  he  asked  what  we  want¬ 
ed  to  do  and  we  said,  “Go  ahead.”  He  questioned  our  ability 
to  go  ahead  without  the  remaining  society  and  said  he  would 
like  a  financial  statement  and  general  resume  of  the  situation. 
Meetings  of  the  board  of  directors  of  the  societies  were  called 
and  resolutions  re-affirming  previous  action  were  passed.  Let¬ 
ters  were  received  from  many  of  the  minor  engineering  so¬ 
cieties  indicating  that  they  would  like  to  have  accomodations 
in  the  building.  The  whole  matter  was  again  presented  to  Mr. 
Carnegie  on  last  Saturday  afternoon,  together  with  the  mem¬ 
bership  curves.  The  three  societies  of  Mechanical,  Mining 
and  Electrical  Engineers  have  a  membership  ranging  from 
2,700  to  3,500.  Their  present  available  assets  amount  to  $160,- 
000.00  and  the  annual  income  of  each  of  the  three  societies  is 
very  close  to  $45,000.00.  The  membership  curve  is  such  that 
if  there  are  as  many  new  members  in  the  next  three  years  as 
there  have  been  in  the  last  three,  the  dues  from  the  increased 
membership  would  be  enough  to  maintain  the  running  ex¬ 
penses  of  the  building.  These  matters  were  presented  to  Mr. 
Carnegie  and  he  was  very  glad  to  see  that  the  societies  were 
willing  and  able  and  ready  to  take  up  and  go  forward  with 
this  great  work,  and  he  said  that  on  Monday  he  would  write  a 
letter;  and  at  the  suggestion  of  the  committee  he  would  put 
that  letter  in  the  original  form  and  transmit  it  to  us.  The 
original  form  of  the  letter,  with  one  slight  change,  is  as  fol¬ 
lows  (reads  letter)  and  that  is  the  form  in  which  he  said  he 
would  put  it.  I  have  a  telegram  reading,  “Have  received  the 
letter  from  Mr.  Carnegie,  and  you  may  publish  the  news.” 
Signed  “T.  C.  Martin,”  one  of  the  committee.  The  letter,  then, 
will  now  presumably  read  as  follows :  (Reads  letter.)  Now 
a  settled  fact.  (Applause.) 

Vice  President — That  is  very  handsome,  of  course.  It 
would  be  nice,  now,  if  our  turn  would  come  and  Mr.  Carnegie 
would  think  of  us.  I  suppose  we  are  not  called  upon  to  take 
action  on  that  matter;  or  do  you  think  so? 

Mr.  Scott — I  move  that  the  Secretary  be  authorized  to  send 
to  Mr.  Carnegie  the  following  resolution :  “The  Engineers’ 
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Society  of  Western  Pennsylvania  expresses  its  high  appre¬ 
ciation  of  the  gift  of  $1,000,000.00  which  has  been  made  by 
you  to  three  of  our  national  engineering  societies,  which  have 
many  members  in  Pittsburg.” 

Motion  carried  and  Secretary  instructed  to  wire  Mr.  Car¬ 
negie. 

Motion  to  adjourn.  Carried. 

C.  W.  Ridinger. 

Secretary. 
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STRUCTURAL  SECTION. 

A  meeting  of  the  Structural  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  was  held  at  the  Society's 
room,  410  Penn  Ave.,  Pittsburg,  Tuesday,  March  22,  1904. 

Section  called  to  order  by  the  Chairman, Frans  Engstrom, 
at  8  :20  PAL,  5 2  members  and  visitors  being  present. 

Minutes  of  the  previous  meeting  were  read  and  approved. 

Subject  selected  for  discussion  at  the  next  meeting,  April 
26,  Coffer-dam  Construction. 

The  Chairman  announced  the  standing  committees  for 
the  year  as  follows  :  , 

Timber  Construction — E.  G.  Ericson,  W.  M.  Judd,  W.  C. 
Hawley. 

Masonry  Construction — F.  Z.  Schellenberg,  A.  G.  Shaw,  B. 
V.  Sommerville. 

Rolling-Mill  Practice — W.  L.  Shaw,  Harry  J.  Lewis. 

Railroad  Bridge  Construction — E.  K.  Morse,  F.  A.  Glafey. 

Highway  Bridge  Construction — C.  M.  Canady,  Chas.  Davis. 

Mill  Building  Construction — P.  Brvnn,  A.  E.  Duckham. 

Office  Building  Construction — S.  J.  Affelder,  Chas.  Worth¬ 
ington. 

o 

Concrete-Steel  Construction — Robert  A.  Cummings,  Emil 
Swensson,  W.  G.  Wilkins. 

Shop  Practice — J.  H.  Thompson,  H.  Bainbridge. 

The  paper  of  the  evening.  ‘'Blast-Furnace  Slag  as  a 
Structural  Material”  was-  read  by  Joseph  A.  Shinn. 

The  discussion  was  participated  in  by  Morris  Knowles, 
A.  D.  Wilkins,  Ralph  Crooker,  Frans  Engerstrom,  H.  C.  Bab¬ 
bitt,  and  the  author. 

On  motion  a  vote  of  thanks  was  tendered  the  author,  Air. 
Joseph  A.  Shinn. 

On  motion  Section  adjourned. 

Willis  Whited, 

Sec.  Struc.  Sect. 
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BLAST  FURNACE  SLAG  AS  A  STRUCTURAL 

MATERIAL. 

BY  MR.  JOS.  A.  SHINN. 

During  the  year  1903  there  was  produced  in  the  United 
States  upwards  of  10,000,000  gross  tons  of  blast  furnace  slag, 
a  quantity  sufficient  to  cover  2,000  acres,  or  more  than  3 
square  miles,  to  the  average  depth  of  three  feet,  if  in  the  form 
of  broken  stone. 

Of  this  quantity,  a  few  hundred  tons  were  used  in  the 
manufacture  of  slag  wool  ;  less  than  75,000  tons  in  the  manu¬ 
facture  of  Portland  and  Pozzuolani  cements,  and  possibly 
1,000,000  tons  as  substitutes  for  broken  stone,  gravel  for  roof¬ 
ing,  etc. 

The  balance,  or  more  than  9,000,000  tons,  was  deposited 
in  low  ground  or  unsightly  heaps  near  the  furnaces,  or  was 
used  by  railroads  for  embankments  and  ballast. 

Of  the  total  quantity  produced,  45^  was  produced  in  the 
State  of  Pennsylvania,  and  23^,  or  more  than  6,000  tons  per 
day  for  every  day  in  the  year,  was  produced  in  Allegheny 
county.  At  no  other  place  in  the  world  is  an  equal  quantity 
produced  in  so  limited  an  area. 

The  whole  of  this  latter  quantity  could  be  utilized  in  con¬ 
struction  with  a  gain  in  quality  of  structures  produced,  or  at  a 
Saving  of  cost,  or  both. 

As  early  as  1770,  granulated  slag  was  recognized  as  fur¬ 
nishing  a  material  of  very  superior  quality  for  the  making  of 
mortar  as  compared  with  common  sand. 

From  about  1S20  to  1870,  numerous  attempts  were  made 
in  England  to  utilize  the  slag  commercially,  by  casting  it  into 
blocks  for  road  paving,  but  with  indifferent  success. 

In  1840,  Edward  Parry,  of  Wales,  commenced  the  manu¬ 
facture  of  slag  wool,  but  it  was  not  until  its  manufacture  by 
Krupp,  at  Essen,  and  Luurman,  at  Georgemarienluitte,  in 
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Hanover,  about  1875,  that  it  became  a  recognized  commercial 
product. 

In  1870,  Mr.  Fritz  Luurman,  a  well-known  furnace  en¬ 
gineer,  began  the  manufacture  of  bricks  at  Osnabriick,  Ger¬ 
many,  using  90$  to  94$  of  granulated  slag,  and  6$  to  10^  of 
common  lime.  Of  these  bricks,  Mr.  Luurman  says :  “They 
are  adapted  to  all  kinds  of  sub-aqueous  and  subterranean 
foundation  work,  as  well  as  to  super-structure,  and  their  re¬ 
fractory  qualities  make  them  suitable  for  the  linings  of 
lime  kilns,  and  boiler  furnace  stacks,  and  for  hot  blast  stoves. 

In  1873,  the  Tees  Slag  Co.,  of  Middlesboro,  England,  be¬ 
gan  the  manufacture  of  these  bricks,  but  instead  of  using  lime 
for  the  matrix,  they  prepared  a  crude  slag  cement,  made  by  the 
wet  process  consisting  of  70^  granulated  slag,  15$  lime  hy¬ 
drate,  and  15$  of  calcined  iron  ore,  ground  to  about  60  mesh, 
and  used  15$  of  this  mixture  with  85$  granulated  slag  in 
making  bricks,  making  the  lime  addition  but  2.15$  of  the 
whole. 

They  also  executed  a  number  of  engineering  works  in 
concrete,  using  this  crude  cement  for  the  matrix  and  broken 
hard  slag  for  the  aggregate,  among  the  early  structures  being 
a  six-story  mill  building,  the  foundation  for  a  100  ton  steam 
hammer,  arches  under  a  large  brick  station  and  platform  for 
the  London  &  Great  Eastern  Railroad,  and  a  number  of 
foundations  for  rolling  mill  machinery. 

The  manufacture  of  slag  bricks  is  now  carried  on  in  all 
of  the  iron  producing  districts  of  Europe.  This  industry,  to¬ 
gether  with  cement  and  aggregates,  comsumes  a  large  part  of 
the  slag  produced. 

In  1883,  a  patent  was  issued  to  Bosse  &  Walters,  of  Ger¬ 
many,  for  a  cement  consisting  of  85$  granulated  slag  and  15$ 
common  lime  hydrate,  ground  together  to  a  fineness  of  90$, 
through  a  200  mesh  screen. 

The  term  Pozzuolani  cement  has  been  given  to  this  pro¬ 
duct  because  of  the  similarity  of  physical  appearance  and  hy¬ 
draulic  action  of  Pozzuolani  and  furnace  slag. 

Pozzuolani  is  of  volcanic  origin,  and  was  produced  by  the 
molten  lava  coming  in  contact  with  water  during*  its  eruption. 
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Its  chemical  constituents  are  mainly  silica,  alumina  and  iron, 
lime  being  present  usually  to  the  extent  of  3$  and  seldom  over 

Gf. 

Pliny  and  Vitruvius  mention  that  during  the  time  of  the 
Roman  Empire,  Pozzuolani  was  used  in  place  of  sand,  in  the 
construction  of  some  of  the  viaducts  and  aquaducts  which  have 
stood  *for  centuries  and  parts  of  which  are  still  in  existence, 
monuments  of  engineering  skill.*  “At  Pozzuola,  a  breakwater, 
consisting  of  24  arches,  was  constructed  of  brick,  faced  with 
stone,  the  mortar  for  which  consisted  of  Pozzuolani  and  com-* 
mon  lime.  Although  constructed  more  than  1800  years  ago,  13 
of  these  arches  are  still  standing  above  water.’’ 

As  in  slag,  the  silica  in  Pozzuolani  is  soluble  in  the  pres¬ 
ence  of  lime,  and  to  this  fact  is  due  its  hydraulic  quality.  In 
modern  times  hydraulic  cement  has  been  made  by  grinding 
Pozzuolani  and  mixing  it  with  lime  hydrate  in  the  same  man¬ 
ner  as  is  now  done  for  slag  cement. 

For  many  years  it  has  been  the  practice  of  some  of  the 
manufacturers  of  Portland  cement,  in  Germany,  whose  works 
were  located  near  blast  furnaces,  to  mix  a  quantity  of  granulat¬ 
ed  slag  with  their  cement.  It  was  claimed  that  it  not  only 
cheapened  the  product,  but  that  it  materially  improved  the 
quality  of  the  cement.  The  latter  claim  was  denied  by  those 
not  using  slag  and  resulted  in  the  adoption  of  a  definition  for 
Portland  cement  by  the  Verein  Deutscher  Portland  cement 
Werke,  which  excluded  from  membership  those  using  slag. 

With  the  further  development  of  the  Portland  cement  in¬ 
dustry,  slag  was  in  some  works  substituted  for  marl  and  lime¬ 
stone,  in  the  manufacture  of  portland  cement,  and  was  found 
to  be  capable  of  producing  a  stronger  cement  than  the  latter 
materials.  The  term  “Eisen  Portland  cement”  was  applied  to 
the  new  product. 

This  was  followed  by  the  organization  of  the  Verein  Deut¬ 
scher  Eisen  Portlandcement  Werke,  embracing  those  who 
made  Portland  cement  from  slag,  and  those  who  mixed  slag 
with  either  kind  of  Portland  cement.  It  is  claimed  by  the  latter 
association, 
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First.  That  Portland  cement  made  from  slag-  is  stronger 
than  when  made  from  marl  or  limestone ;  and 

Second.  That  the  addition  of  30$  of  granulated  slag  to 
an}'  Portland  cement  adds  materially  to  its  strength  while  re¬ 
ducing  its  cost. 

These  claims  have  received  recognition  by  such  authorities 
at  Tetmajer,  of  Zurich;  Michaelis,  of  Berlin;  Le  Chaterher,  of 
Paris ;  Passow,  of  Hamburg,  and  Mr.  J.  H.  Stead,  member  of 
the  British  Institution  of  Civil  Engineers,  of  Middlesboro, 
England.  And  in  the  report  made  to  the  Swiss  Government, 
by  Dr.  L.  Tetmajer,  Director  of  Tests  of  Building  Materials  at 
the  Swiss  Polytechnic  School  of  Zurich,  he  says  of  slag  Poz- 
zuolani  cement:  “I  consider  slag  cement  a  binding  material, 
par  excellence.” 

/ 

Literally  interpreted,  it  was  intended  to  convey  the  opin¬ 
ion  that  it  was  equal  to  the  best  Portland  cement,  if,  as  pre¬ 
viously  stated  by  him,  it  was  supplied  with  a  sufficient  quantity 
of  water  during  the  early  period  of  induration,  it  requiring 
more  water  than  Portland  cement  at  that  time. 

I*.  Regarding  the  theory  of  the  deleterious  influence  of  sul¬ 
phur  in  slag  cement,  Dr.  Tetmajer  says:  “I  have  yet  to  learn 
of  an  authenticated  instance  of  injury  to  a  structure  in  slag 
cement,  due  to  the  presence  of  sulphur." 

“Stahl  and  Eisen”  for  March  15,  1903,  contains  a  paper  by 
Jantzen,  Director  of  Works  at  Wetzler,  read  before  the  Union 
for  the  Advancement  of  Industrial  Activity,  February  2,  1903. 
in  which  he  gives  the  following  comparative  tests  : 

TABLE  I. 


All  briquettes  1  part  cement,  3  parts  standard  sand. 
Tensile  strength  lbs.  per  sq.  inch. 


1 

3 

days. 

7 

days. 

14 

days. 

3 

mos. 

Portland — pure, 

in  water . 

. . .  202 

294 

333 

425 

Portland — 70%, 
water . 

fine  ground  slag,  30%, 

in 

. . .  182 

284 

384 

524 

Gain  % . 

14-7 

23-5 

Portland — pure, 

in  air . 

. . .  196 

302 

376 

490 

Portland — 70%, 

fine  ground  slag,  30%,  in 

air  253 

364 

496 

602 

Gain  % 

20.7 

32.0 

23.0 
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*  Portland— pure,  in  water .  217  •  193 

Portland — 50%,  fine  ground  slag,  50%,  in 

water .  215  335 

Gain  % .  74.0 

*Portland — pure,  in  air .  275  369 

Portland — 50%,  fine  ground  slag.  50%,  in  air  348  335 

Gain  %i . 26.5 


214  333 

3*56  505 

80.0  57.6 

373  364 

416  516 

1 1-7  417 


A  more  marked  illustration  of  the  effect  of  aiding  slag  to 
Portland  cement  is  furnished  by  the  following  comparative 
tests  of  an  under-burned  Portland  cement,  and  the  same  with 
the  addition  of  50^  slag: 


Under-burned  Portland  1,  sand  3 
Same,  with  50%  slag  1,  sand  3... 

Gain  % . 


3 

7 

28 

days. 

days. 

days. 

0 

60 

109 

107 

206 

373 

340.0 

242.0 

These  results  would  indicate  that  the  cement  was  not 
burned  at  a  heat  greater  than  that  required  for  natural  cement, 
the  strength  at  28  days  being  about  that  of  such  cements,  while 
the  strength  of  the  slag  mixture  is  equal  to  that  of  a  good  Port¬ 
land  cement. 

The  average  of  the  tests  made  at  these  works  for  two 
years,  the  product  being  a  Portland  cement  made  from  slag, 
with  the  addition  of  30$  of  granulate,  is  as  follows : 


Tensile  strength  per  sq.  in.  cement  1,  sand  3. 

In  water.  In  air. 

3  days.  7  days.  28  days.  3  days.  7  days.  28  days. 


1901  .  172  219  314  207  295  359 

1902  .  205  244  335  238  321  408 


Fine  ground  granulate  made  into  a  mortar  with  30V  of  a 
4.6$  soda  solution,  and  without  any  lime,  set  in  the  air  for  7 
days,  and  immersed  in  a  y/>  soda  solution  for  35  days,  give  a 
tensile  strength  of  285  pounds. 

Fine  ground  granulate  made  into  blocks  and  set  under 
pressure  without  lime  or  other  chemical  additions,  gave  crush¬ 
ing  strength  of  560  to  700  pounds  per  square  inch,  at  6  months. 

“Stahl  &  Risen,”  for  August  1.  1903.  contains  a  paper  read 
by  Dr.  Passow,  of  Hamburg,  before  the  International  Congress 
of  Applied  Chemistry,  at  Berlin,  in  which  he  gives  the  follow¬ 
ing  comparative  tests: 


*Contained  excess  of  free  lime,  probably  due  to  under  burning. 
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TABLE  II. 

All  briquetes  i  part  cement,  3  parts  standard  sand. 

Tensile.  Crushing. 


Hard- 

Gain 

Gain 

Cements. 

ening. 

Age. 

lbs. 

% 

lbs. 

% 

Common  Portland . 

in  water 

7  days 

230 

2172 

Eisen  Portland . 

in  water 

7  days 

227 

2442 

12.5 

Eisen  Portland  70%,  slag 

gran- 

ulate  30% . 

in  water 

7  days 

272 

18.0 

2868 

32.0 

Common  Portland . 

in  air 

7  days 

281 

2116 

Eisen  Portland . 

in  air 

7  days 

360 

28.0 

01 

00 

00 

01 

36.0 

Eisen  Portland  70%,  slag 

gran- 

ulate  30% . 

in  air 

7  days 

376 

33-8 

3394 

60.0 

Common  Portland . 

in  water  28  days 

281 

2563 

Eisen  Portland . 

in  water 

28  days 

312 

11. 0 

3646 

42.0 

Eisen  Portland  70%,  slag 

gran- 

ulate  30% . 

in  water  28  days 

359 

28.0 

3723 

45-7 

Common  Portland . 

in  air 

28  days 

419 

3072 

Eisen  Portland . 

in  air 

28  days 

462 

11. 0 

3234 

5-3 

Eisen  Portland,  70%,  slag  gran- 

ulate  30% . 

in  air 

28  days 

378 

10. 0 

4083 

32.6 

Eisen  Portland . 

in  water 

7  days 

305 

32.5 

2706 

24.6 

Eisen  Portland  54%,  slag 

gran- 

ulate  46% . 

in  water 

7  days 

284 

23-5 

2422 

1 1-5 

Eisen  Portland . 

in  air 

7  days 

344 

22.5 

2847 

34-5 

Eisen  Portland,  54%,  slag 

gran- 

ulate  46% . 

in  air 

7  days 

299 

6.4 

2596 

22.6 

Eisen  Portland . 

in  water  28  days 

457 

63.0 

4471 

74-5 

Eisen  Portland  54%,  slag 

gran- 

ulate  46% . 

in  water  28  days 

493 

75-7 

4218 

64.6 

Eisen  Portland . 

in  air 

28  days 

534 

27.4 

4164 

52.1 

Eisen  Portland  54%,  slag 

gran- 

ulate  46% . 

in  air 

28  days 

429 

24 

378o 

23.1 

Gain  $  shown  is  that  compared  with  common  Portland 
cement  same  age  and  condition. 

The  additions  of  slag  granulate  were  ground  with  the 
clinker. 

Table  III.  shows  comparative  tests  of  common  Portland, 
Eisen  (slag)  Portland,  Portland  mixed  with  fine  ground  slag 
granulate  and  slag  (Puzzuolani)  cements. 
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TABLE  III. 


All  briquett 

es  1  cement,  3  sand;  in  ; 

air  1  day, 

balance  of  time 

in  water. 

Tensile. 

Lbs.  per 

square  inch. 

Cru 

isliing. 

No. 

7  days. 

28  days. 

3  mo.  1  year. 

7  days. 

28  days. 

3  mo. 

1  year. 

1 

230 

281 

2172 

2563 

2 

302 

492 

4/2  560 

2030 

3030 

3770 

5026 

3 

230 

322 

406  490 

2002 

2926 

3b  5  4 

5068 

.4 

249 

321 

5 

227 

312 

2442 

3646 

6 

305 

457 

2706 

4471 

7 

272 

359 

to 

00 

0\ 

CO 

3723 

8 

284 

493 

2422 

4218 

9 

230 

370 

462  560 

1764 

3030 

4116 

4690 

10 

196 

356 

434  5i8 

1490 

3052 

4200 

N 

oc 

-r 

1.  Common  Portland  from  Table  II. 

2.  Common  Portland.  Average  of  ten  series  of  tests  giv¬ 
ing  more  than  224  lbs.  each,  at  seven  days,  from  table  includ¬ 
ing  36  series  of  20  standard  European  Cements,  by  Tetmajer. 

3.  Average  of  the  whole  36  series  of  tests. 

4.  Average  of  30  briquettes  each,  of  8  standard  brands  of 
American  Portland  cement.  Tests  by  Pittsburgh  Testing  Lab- 
ratorv,  Ltd. 

5.  Eisen  Portland,  from  Table  II.,  first  series. 

6.  Eisen  Portland,  from  Table  II.,  second  series. 

7.  Eisen  Portland,  with  30$  slag,  from  Table  II.,  first 
series. 

8.  Eisen  Portland,  with  46$  slag,  from  Table  II.,  second 
series. 

9.  Slag  Pozzuolani  cement.  Average  of  nine  series  of 
tests,  giving  more  than  224  lbs.  each,  at  seven  days,  from  table 
including  19  series  from  9  European  Slag  Cement  Works,  by 
Tetmajer. 

10.  Average  of  the  whole  19  series. 

For  the  manufacture  of  slag,  Pozzuolani  cement,  all  auth¬ 
orities  agree  that  the  slag  should  be  highly  basic,  the  furnace 
working  hot,  and  that  the  quicker  the  slag  is  quenched  the 
better  the  cement. 

The  ordinary  method  of  granulation  is  by  running  the 
molten  slag  into  a  tank  of  water,  in  collection  with  a  stream 
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of  water  under  low  pressure  (usually  jacket  water)  for  the 
purpose  of  breaking  up  the  mass  and  supplying  the  loss  due  to 
evaporation. 

The  chemical  analysis  of  granulate  differs  but  slightly 
from  that  of  air  cooled  slag,  usually  showing  a  slight  loss  of 
sulphur.  According  to  Tetmajer,  the  physical  condition  under¬ 
goes  a  marked  change,  the  elements  being  more  or  less  disso¬ 
ciated  according  to  the  rapidity  of  quenching,  and  the  silica 
being  rendered  quite  soluable  in  the  presence  of  free  lime.  Le 
Chatelier  also  discovered  that  granulate  contains  a  large  pro¬ 
portion  of  latent  heat,  while  air  cooled  slag  contains  very  little, 
this  result  also  depending  on  rapid  quenching. 

Experiments  made  by  the  writer  for  the  purpose  of  pro¬ 
ducing  a  material  from  furnace  slag  for  use  as  a  substitute  for 
river  or  bank  sand,  for  mortar  and  other  purposes,  without  the 
necessity  of  a  second  operation  of  crushing  or  grinding  result¬ 
ed  in  a  granulate  of  greater  weight  and  density  than  common 
granulate,  finer  and  more  uniform  in  size,  with  a  well  defined 
granular  structure,  and  owing  to  the  more  rapid  quenching 
capable  of  producing  a  mortar  of  greater  strength  when  com¬ 
bined  with  either  cement  or  lime,  because  of  its  greater  hy¬ 
draulic  energy. 

To  this  material  I  have  applied  the  term  “slag  sand,"  in 
contradistinction  to  that  of  slag  granulate  as  applied  to  the 
lighter  and  less  hydraulic  form. 

It  is  produced  by  projecting  two  jets  of  water  under  a 
pressure  of  40  to  80  pounds  per  square  inch,  according  to  the 
size  01  the  slag  stream,  in  the  line  of  the  flowing  molten  slag. 

The  jets  now  used  are  10"  wide,  and  thick  ;  one  being 
placed  immediately  below  and  on  a  line  with  the  runner  spout 
and  the  other  above  and  at  nearly  a  right  angle  to  the  first. 

The  slag  flows  from  the  runner  spout  and  falls  on  the 
lower  jet  of  water,  but  does  not  penetrate  it,  owing  to  the  high 
pressure,  while  the  velocity  of  the  water  causes  the  slag  to 
draw  into  a  thin  sheet.  The  upper  jet  striking  this  sheet  a  few 
inches  from  the  end  of  the  runner  spout,  causes  its  thorough 
disintegration  and  instant  quenching,  and  it  falls  into  the  tank 
below. 
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The  following  comparative  tests  of  river  and  slag  sand, 
with  various  cements  and  lime,  show  the  superior  qualities  <>f 
slag  sand  for  mortar  purposes. 

TABLE  IV. 

Tests  made  by  the  Pittsburgh  Testing  Laboratory  Limited.  All  the 
Mortars  contained  three  parts  of  sand  to  one  part 
cementing  material. 

Tensile  strength  lbs.  per  sq.  in. 


Cements.  Sands. 

7  days. 

14  days. 

28  days. 

3  mos. 

Portland . River . 

252 

3-24 

390 

435 

Slag . 

278 

375 

484 

594 

Comparative  gain,  lbs . 

26 

51 

94 

L59 

Comparative  gain,  per  cent... 

10.3 

15.8 

24 

36.5 

Louisville . River . 

44 

47 

50 

120 

Slag . 

59 

61 

63 

MS 

Comparative  gain,  lbs . 

15 

14 

13 

25 

Comparative  gain,  per  cent.  . . 

34 

30 

26 

21 

Puzzuolani . River . 

153 

192 

222 

332 

Slag  cement . Slag . 

i/4 

271 

295 

479 

Comparative  gain,  lbs . 

21 

79 

73 

M7 

Comparative  gain,  per  cent... 

L5-7 

4i 

32.5 

44-3 

Mason's  mortar:  soft 

Lime . River . 

0 

0 

17 

24 

Slag . 

•  •  • 

90 

13 1 

163 

Comparative  gain,  lbs . 

•  •  • 

... 

1 14 

139 

Comparative  gain,  per  cent... 

•  •  • 

•  •  • 

771 

580 

Concrete  mortar :  stiff. 

• 

Lime . River . 

•  •  • 

•  •  • 

34 

47 

Slag . 

•  •  • 

142 

160 

255 

Comparative  gain,  lbs . 

•  .  . 

•  .  • 

126 

208 

Comparative  gain,  per  cent.  . . 

... 

•  •  • 

371 

441 

The  tests  show  the  following  results: 

First — That  Louisville  Cement  with  slag  sand  is  r8  per  cent, 
stronger  at  seven  (7)  days  than  with  river  sand  at  28  days. 

Second — That  soft  lime  mortar  with  slag  sand  is  80  per 
cent,  stronger  at  14  days  and  162  per  cent,  stronger  at  28  days, 
than  Louisville  cement  with  river  sand  at  28  days. 

7  hird— That  stiff  lime  mortar  is  184  per  cent,  stronger  at  14 
days  and  220  per  cent,  stronger  at  28  days  than  Louisville  ce¬ 
ment  with  river  sand  at  28  days. 
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'Fourth — That  soft  lime  mortar  with  slag-  sand  is  36  per  cent, 
stronger  and  stiff  lime  mortar  with  slag  sand  is  112  per  cent, 
stronger  than  Louisville  cement  and  river  sand  at  3  months. 

Common  granulate  with  lime,  gives  tensile  strength  at  28 
days  of  60  pounds  as  soft  mortar,  and  90  pounds  as  stiff  mortar. 

When  common  sand  is  used  in  mortar  or  concrete,  the 
strength  is  dependent  wholly  upon  the  adhesion  of  the  cement. 
The  sand  is  absolutely  inert. 

When  slag  sand  is  used  the  sand  contributes  materially  to 
the  chemical  reaction  resulting  in  cohesion  of  the  materials. 

For  the  purpose  of  obtaining  a  more  accurate  comparison 
of  the  hydraulic  qualities  of  slag  granulate  and  slag  sand,  a 
quantity  of  each  from  the  same  furnace  and  cast,  was  made 
into  slag  Pozzuolani  cement  with  15  per  cent,  of  lime. 

TABLE  V. 

Tensile  Strength  per  Square  Inch. 

Slag  Pozzuolani  Cement,  Neat.  1.:  3  Sand. 

Slag  Slag  Gain  Slag  Slag  Gain 

Granulate.  Sand.  %  Granulate.  Sand.  °/o 


7  days... .  335  378  6.5  68  82  35.3 

14  days .  358  479  33-8  82  125  52.4 

28  days .  409  505  23.5  106  170  60.4 

3  months .  508  645  27.0  160  217  36.0 

6  months .  469  629  34.1  156  275  76.3 

Average  gain  %  25.5  54.0 


Xo  effort  was  made  to  determine  the  quality  of  the  lime 
used  nor  the  best  proportion  for  obtaining  high  absolute  tests 
but  the  comparison  justifies  the  theory  that  rapid  quenching 
improves  the  hydraulic  quality  of  slag. 


TABLE  VI. 

Analysis  of  lime  used  in  Table  V. 


Gran. 

Air  Cooled. 

Granulate. 

Sand. 

Silica . . 

.  33-30 

33-o8 

33-do 

Alumina  and  iron . 

.  1478 

14.80 

14.82 

Lime . 

.  ;0.2  2 

50.10 

50.25 

Sulphur . 

.  1.48 

1.41 

1. 10 

99.78 

99-39 

99-77 

Sulphur  as  sulphide . 

1. 12 

.88 

Sulphur  as  sulphate . 

.29 

.22 
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While  the  granulate  shows  a  loss  of  sulphur  of  .07;*,  the 
slag  sand  shows  a  loss  of  .38^,  or  25.7^  of  the  total  sulphur. 

Reference  has  been  made  to  the  setting  of  fine  ground  slag 
granulate  under  pressure  and  without  addition  of  either  lime 
or  other  chemicals.  Slag  sand  possesses  this  quality  in  a  high 
degree  without  being  ground,  as  is  illustrated  by  the  following 
practical  application,  a  sample  of  which  is  here  shown. 

One  to  two  inches  of  slag  sand  was  used  for  the  bedding 
of  brick  paving  on  foundation  of  6"  broken  stone  and  2"  to  3" 
of  gravel.  At  the  end  of  four  and  one-half  weeks,  a  section  of 
this  paving  was  removed  for  the  purpose  of  putting  in  water 
pipes,  and  it  was  found  that  the  sand  had  set  into  a  sheet  of 
moderately  strong  concrete  with  the  gravel  adhering  to  the 
under  surface.  A  piece  of  this  about  1  foot  square  was  obtain¬ 
ed  by  the  writer,  and  being  kept  damp,  has  continued  to  hard¬ 
en.  Owing  to  its  sharpness,  slag  sand  under  pressure  will  not 
flow  when  enther  dry  or  super-saturated,  and  when  set  con¬ 
tributes  materially  to  the  stability  of  such  paving. 

The  opposition  encountered  in  Germany  and  France  bv 
the  manufacturers  of  the  various  slag  cements  has  resulted  in 
the  production  of  a  very  considerable  literature  on  the  general 
subject  of  slag  utilization,  and  with  the  further  result  that  the 
opposition  has  been  placed  upon  the  defensive. 

Unfortunately  for  us,  the  literature  of  slag  is  almost  whol¬ 
ly  in  the  German  and  French  languages. 

While  the  Portland  cement  industry  had  its  inception  and 
early  development  in  England,  it  is  to  Germany  that  wc  are 
•  indebted  for  its  improvement  in  strength  and  reliability,  and  a 
thorough  knowledge  of  its  chemical  action.  That  slag  has 
been  in  use  for  more  than  30  years  in  a  country  where  cheap¬ 
ness  is  not  a  first  consideration  in  engineering  construction, 
but  where  ultimate  economy  is  a  necessity,  and  that  it  has 
made  steady  progress  until  it  has  been  recognized  by  the  best 
authorities  as  not  only  equal  to  the  best  material  for  particular 
structural  uses,  but  as  having  no  equal  as  a  binding  material 
in  concrete  and  mortar,  its  use  being  not  only  permitted  but 
specified  in  important  state,  municipal  and  other  engineering 
works,  is  a  sufficient  guarantee  of  its  strength  and  stability  to 
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warrant  the  American  engineer  in  encouraging  its  adoption 
here. 

The  probable  effects  of  the  sulphur  contained  in  slag, 
when  the  latter  is  used  in  any  of  its  forms  in  concrete-steel  con¬ 
struction,  is  answered  in  “Notes  from  Report,  No.  IX.  of  In¬ 
surance  Engineering  Experiment  Station,  Boston,  Mass.” 

“The  results  of  the  test  which  were  carried  out  under  various 
conditions,  lead  to  the  conclusion  that  structural  steel  if  encased  in  a 
sound  sheet  of  good  concrete,  is  safe  from  corrosion  for  a  very  long 
period;  longer  than  the  changes  in  our  cities  will  allow  any  building 
to  remain.  'It  is  a  necessity,  however,  to  be  sure  that  the  steel  is 
properly  encased  in  the  concrete,  and  because  of  the  difficulty  in  get¬ 
ting  sound  work,  many  engineers  will  not  use  concrete.  This  is 
especially  true  of  cinder  concrete  in  which  the  porous  nature  of  the 
cinder  has  led  to  much  dry  concrete  and  many  voids  and  much  cor¬ 
rosion.  There  can  be  no  question  that  cinder  concrete  has  rusted 
great  quantities  of  steel,  not  because  of  its  sulphur  content,  the  dan¬ 
ger  from  which  is  a  myth,  but  because  it  was  too  dry.  If  cinder  con¬ 
crete  be  mixed  wet,  and  well  mixed,  it  may  be  trusted  as  much  as 
stone  concrete,  so  far  as  corrosion  is  concerned. “ 

I  hold  that  the  same  is  true  of  slag  concrete.  Oxidation 
of  the  sulphur  in  the  slag  and  consequent  corrosion  of  the  steel 
from  that  cause,  cannot  take  place  if  the  concrete  is  sufficient¬ 
ly  solid  to  exclude  the  air. 

The  converse  of  this  proposition  is  true,  that  no  matter 
what  materials  enter  into  the  concrete,  if  it  is  not  made  suf¬ 
ficiently  solid  to  practically  exclude  the  air,  corrosion  of  the 
steel  will  inevitably  result. 

Experiments  and  developments  in  the  utilization  of  slag 
have  progressed  along  the  same  lines  in  the  United  States  as 
in  Europe,  with  the  exception  of  brick  making. 

The  manufacture  of  slag  wool  was  commenced  by  Alex¬ 
ander  D.  Elbers,  in  New  Jersey,  about  25  years  ago,  and  is  now 
carried'on  commercially  in  a  number  of  places. 

The  Illinois  Steel  Co.  has  been  making  slag  Pozzuolani 

o  o 

cement  since  1893,  and  it  is  now  being  made  at  Sparrows  Point, 
Md.,  Youngstown,  O.,  and  at  other  places. 

The  Illinois  Steel  Co.  has  also  been  making  slag  Portland 
cement  since  1899,  and  its  manufacture  was  carried  on,  in  a 
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small  way,  at  the  Clinton  furnace  in  this  city  for  several  years, 
but  has  now  been  abandoned. 

The  only  attempt  to  make  slag  bricks  in  this  country,  of 
which  1  have  knowledge,  was  by  the  Brier  Hill  Iron  and  Coal 
Co.,  at  Youngstown,  Ohio,  in  1902,  when  they  erected  an  ex¬ 
perimental  plant  and  produced  about  50,000  like  the  sample 
here  shown. 

At  Freesland.  near  Philadelphia,  and  at  Reading,  Pa., 
there  are  plants  for  crushing  and  sizing  hard  slag  for  concrete 
aggregate,  roofing,  etc. 

In  the  east,  gravel  for  tar  footing  has  been  almost  wholly 
superseded  by  crushed  slag,  and  it  is  being  shipped  from 
Philadelphia  and  Reading  to  Pittsburg,  at  a  cost  for  freight 
of  more  than  $2  per  ton.  Carrying  coals  to  New  Castle  is  a 
reasonable  proposition  compared  with  this. 

As  a  rule  limestone  is  to  be  preferred  for  aggregate  in 
foundations,  retaining  walls,  etc.,  but  in  concrete  floors  and  walls 
and  other  places  where  weight  is  an  objection,  and  fire-proof 
qualities  desirable,  crushed  hard  slag  is  much  to  be  preferred. 

If  blast  furnace  slag  were  used  for  all  purposes,  for  which 
it  is  economical  as  being  better  adapted  or  cheaper  than  like 
materials  now  in  use,  the  order  of  quantities  used  would  be  for 
the  purposes,  as  follows  : 

First.  As  sand  for  concrete  street  paving,  building*  block, 
rubble  masonry. 

Second.  In  brick  ;  for  foundations ;  superstructure  and  re¬ 
fractory  purposes. 

Third.  As  aggregate  for  concrete ;  roofing,  etc. 

Fourth.  In  the  manufacture  of  Portland  cement. 

Fifth.  In  the  manufacture  of  Pozzuolani  cement. 

Sixth.  In  the  manufacture  of  slag  wool  for  non-conduct- 
ing  purposes. 

The  value  of  the  products  for  a  unit  of  weight  would  be  in 
about  the  reverse  of  this  order. 

DISCUSSION. 

Morris  Knowles — I  have  been  much  interested  in  this 
paper  and  think  the  subject  of  which  it  treats  is  worthy  of 
careful  study  and  investigation  and  the  author  deserves  our 
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thanks  for  the  patience  and  care  he  has  shown  in  placing  be¬ 
fore  us  so  much  of  the  available  data  on  the  subject. 

A  few  questions  come  to  mind : 

1.  Is  the  fact,  taken  from  the  report  of  the  Insurance  Engi¬ 
neering  Experiment  Station,  that  the  sulphur  in  the  cinder  aggre¬ 
gate  used  in  concrete  does  not  attack  steel,  any  proof  that  slag  ag¬ 
gregate  will  not  do  so?  Is  not  the  amount  of  sulphur  in  slag 
greater  than  in  cinders  or  ashes?  and  does  not  the  water  in  the 
concrete  increase  its  effect? 

2.  The  experiments  quoted  by  the  author  seem  to  show  that 
slag  sand  or  aggregate  increases  the  strength  of  Portland  cement 
mortar  or  concrete.  Is  that  increase  permanent,  or  is  it  limited  to 
a  few  months  ? 

3.  Would  a  concrete  wall  containing  slag,  either  in  the 
mortar  or  in  aggregate  and  exposed  to  the  hot  sun  require  any¬ 
thing  more  than  the  ordinary  sprinkling  over  once  or  twice  a 
week  ? 

4.  What  is  the  cost  of  slag  sand  or  aggregate  as  compared 
with  river  or  bank  sand  and  gravel  ? 

Mr.  Shinn — I  will  answer  these  questions  in  order. 

1.  The  cinders  and  ashes  from  anthracite  coal,  such  as  is 
used  in  New  England,  contains  a  larger  percentage  of  sulphur, 
either  free  or  in  the  form  of  sulphides,  than  slag  made  from  Lake 
Superior  ores  and  Connellsville  coke.  It  is  a  well-known  fact  that 
iron  will  not  rust  in  a  basic  medium  and,  as  Portland  cement  as 
well  as  slag,  is  essentially  basic  at  ordinary  temperatures  notwith¬ 
standing  the  small  amount  of  sulphur  that  it  commonly  contains, 
no  fear  need  be  entertained  as  to  any  corrosion  of  steel  due  to 
any  water  or  sulphides  that  the  slag  or  cement  is  likely  to  con¬ 
tain,  provided  there  is  a  continuous  coating  of  cement  mortar  in 
contact  with  the  steel.  At  the  proper  time  I  will  read  you  a 
letter  bearing  on  this  matter. 

2.  The  experience  of  thirty  years  in  Europe  shows  conclu¬ 
sively  that  the  increase  in  strength  is  permanent. 

3.  Tetmayer’s  opinion,  which  I  have  quoted,  was  evidently 
intended  to  cover  such  an  application  of  water  as  would  usually 
be  practicable.  Personally,  I  would  not  recommend  it  in  any  light 
structure  exposed  to  the  hot  sun. 
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4.  Where  river  sand  can  be  delivered  by  barge  it  is  the 
cheaper  material,  but  where  it  must  be  delivered  by  rail  the  slag 
is  cheaper.  On  an  average  the  prices  are  about  the  same. 

Mr.  Johnson — The  author  of  this  paper  by  his  painstaking 
research  into  the  history  of  the  use  of  furnace  slag  in  the  manu¬ 
facture  of  cement,  and  collecting  the  scattered  literature  on  the 
subject,  has  contributed  to  our  Proceedings  a  paper  of  more  than 
ordinary  merit  and  value.  He  has  not  only  brought  to  our  notice 
a  subject  not  heretofore  familiar  to  the  profession  at  large,  and 
told  us  nearly  all  that  he  has  done  and  knows  about  it,  but  has 
supplied  us  with  full  references  to  publications  where  we  may 
learn  all  that  others  know.  The  subject  matter  is  so  far  new  to 
us,  that  the  paper  takes  on  somewhat  the  nature  of  original  re¬ 
search,  and  places  it  in  the  list  of  high-class  papers  which  are  a 
contribution  to  knowledge,  put  life  and  ‘‘esprit’’  into  the  Society, 
and  add  value  to  our  publication. 

We  are  more  ready  to  accept  new  processes  and  new  materi¬ 
als,  and  the  laws  governing  their  behavior  under  given  condi- 
als  and  the  laws  governing  their  behavior  under  given  condi¬ 
tions.  From  this  point  of  view  I  regret  that  the  author  did  not 
enlarge  more  fully  on  the  reactions  which  occur  between  the  lime 
and  the  silica  of  the  slag,  when  brought  together  in  the  mortar,  as 

contrasted  with  the  reactions  occurring  in  other  mortars. 

*  .  . 

In  common  lime  and  sand  mortar,  the  silica  of  the  sand  is 

not  soluble  in  lime,  and  no  reaction  between  the  two  takes  place. 
The  mortar  becomes  indurated  bv  slow  absorption  of  carbonic 
acid  from  the  atmosphere,  forming  a  carbonate  of  lime.  This  pro¬ 
cess  is  very  slow  and  such  mortars  do  not  attain  their  full  hard¬ 
ness  for  many  decades  ;  in  fact  it  is  doubtful  if  the  lime  is  fully 
carbonated  under  several  centuries.  Exposure  to  fire  recalcines 
the  carbonate,  expelling  the  carbonic  acid,  and  reducing  the  lime 
to  the  caustic  condition. 

Hydraulic  and  Portland  cement  mortars  harden  by  hydrated 
crystalization,  the  transformation  which  takes  place  being  struc¬ 
tural  rather  than  chemical. 

With  the  lime  and  slag  mortar,  induration  is  the  result  of  a 
chemical  reaction,  by  which  the  lime  and  silica  enter  into  direct 
combination,  forming  silicate  of  lime.  This  fact  was  demon- 
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stratecl  to  my  satisfaction  several  months  ago,  where  Mr.  Shinn 
exhibited  to  me  a  briquet  which  had  been  kept  in  a  gas  fire  for 
about  an  hour  and  then  plunged  into  cold  water.  It  showed  no 
sign  of  calcination. 

Silicate  of  lime  is  indestructible  by  ordinary  atmospheric 
influences,  and  is  not  affected  by  heat.  It  is  the  material  with 
which  nature  has  cemented  the  grains  of  sand  in  our  best  and 
most  durable  sandstones.  We  have  therefore  every  reason  to 
anticipate  the  most  lasting  results  from  such  a  mortar,  unless 
other  elements  in  the  slag  should  prove  to  be  sources  of  failure. 

What  reactions  take  place  in  the  presence  of  the  cefnents, 
natural  and  Portland,  some  of  our  chemist  members  will  have  to 
explain.  The  base  of  the  cements  is  silicate  of  alumina,  and  I  do 
not  understand  how  the  presence  of  more  silica,  even  in  a  soluble 
form,  can  bring  about  a  reaction,  unless  it  may  be  that  there  is  a 
general  breaking  up  and  new  arrangements  of  atoms  in  new  pro¬ 
portions.  To  the  extent  that  free  lime  may  be  present,  it  is  easy 
to  understand  how  the  conversion  of  that  into  a  silicate  will  im¬ 
prove  the  quality  of  the  resultant  mortar,,  adding  to  its  strength 
and  permanence. 

But  does  or  does  not  the  influence  of  the  slag  extend  beyond 
this  neutralizing  of  the  free  lime?  This  is  an  interesting  question 
which  some  of  our  young  chemists  might  follow  up  with  interest 
and  profit. 

E.  K.  Morse — In  every  one  of  my  specifications  for  Masonry 
Construction  these  words  are  found:  “Clean  Allegheny  River 
sand  and  gravel,  free  from  all  foreign  or  detrimental  substances.” 
Why  Allegheny  River  and  not  Monongahela  River  sand  and 
gravel  ?  Simply  because  years  of  waste  from  numerous  coal  tip¬ 
ples  along  the  Monongahela  River  has  about  made  it  impossible 
to  dredge  sand  and  gravel  free  from  coal ;  an  item  of  impurity 
next  in  its  injurious  effects  in  mortar  and  cement  mixtures  to  that 
of  loam.  I  never  hesitate  to  condemn  a  flat  of  sand  or  gravel  the 
moment  a  coloring  of  coal  is  detected. 

The  first  extensive  use  of  gravel  in  making  concrete  in  this 
vicinity  was  in  1897,  since  when  the  increased  demand  has  taxed 
the  capacity  of  the  combined  dredging  companies.  But  just  as  we 
begin  to  wonder  how  long  the  supply  is  going  to  last,  a  new  inven- 
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tion  or  new  uses  of  materials  are  made  that  solve  our  most  difficult 
problems. 

I  am  convinced  that  the  many  uses  of  furnace  slug  are  going 
to  meet  the  enormous  demands  for  clean  sand  and  gravel  con¬ 
sumed  in  the  many  forms  of  building  carried  on  in  this  great 
center  of  industry. 

Why  any  architect  will  allow  the  filth  of  ashes,  clinker  and 
free  coal  to  enter  into  fire-proof  construction  is  inconceivable.  Not 
long  since  I  saw  an  almost  dry  mix  of  coke  dust,  cinder,  ashes, 
plaster,  and  floor  sweepings  shoveled  into  concrete  flooring  in  one 
of  our  most  important  office  buildings,  a  strictly  fire-proof  build¬ 
ing  at  that. 

The  question  of  weight  is  very  important,  and  the  lightness 
of  coke  and  cinder  is  the  only  thing  that  can  be  said  in  their  favor. 
I  wish  the  speaker  had  dwelt  more  on  this  subject  in  his  discussion 
of  granulated  slag  and  slag  sand,  as  I  am  not  so  sure  but  what  it 
can  be  shown  that  the  substitution  of  the  forms  of  furnace  slags 
can  be  made  for  coke  dust  and  grate  cinder,  and  a  concrete  be 
obtained  equally  as  light,  strictly  fire-proof,  perfectly  clean  and 
very  much  stronger  for  the  same  cost  per  square  foot  of  floor 
space. 

I  think  a  little  further  experimenting  will  develop  a  product 
midway  between  the  ordinary  granulated  slag  and  the  slag  sand 
that  will  give  the  required  lightness  and  strength  for  building 
purposes,  purer  than  any  sand  or  gravel  or  any  other  materials 
now  in  use  on  concrete  construction. 

F.  Z.  Schellenberg — About  six  years  ago  we  had  in  this 
Society  a  special  committee’s  report  on  Arthur  Kirk’s  display  at 
the  Exposition  of  foreign  road  paving  blocks.  The  long  report 
naturally  went  into  the  subject  of  improving  the  public  roads  as 
well  as  street  pavement,  and  the  name  Committee  on  Roads  being 
flippantly  given  us  in  recollection  of  a  Quixotic  effort  bv  a  former 
committee  of  that  name,  induced  the  writing  of  a  series  of  educa¬ 
tional  essays.  There  was  advocated  a  use  for  blast  furnace  slag 
in  improving  the  foundations  of  the  highways  that  would  take  the 
thousands  of  tons  so  expensively  being  wasted.  And  perhaps  there 
was  also  first  brought  to  wider  notice  here  the  property  iron  and 
cement  have  of  uniting  and  continuously  together  resisting  strains 
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in  structures,  a  property  due  to  the  increment  of  expansion  or  con¬ 
traction  from  change  of  temperature  being  the  same  for  both.  Since 
then  we  have  also  learned  that  the  massive  construction  of  concrete 
and  iron  above  ground  is  not  only  strongest,  but  is  also  best  in 
resistance  to  rust  and  fire — to  slow  corrosion  or  rapid  confla¬ 
gration. 

Mr.  Shinn  tells  us  that  for  concrete  and  mortars  slag-sand  is 
the  best  sand ;  no  matter  what  the  cement  be,  slag-sand  meets  the 
underburned  clinker  ingredient  in  the  cement  in  chemical  union, 
and  mortar  of  lime  itself  it  raises  in  strength  hundreds  of  per¬ 
centages.. 

I  belive  it  is  certain  that  our  concrete  construction  now  is 
better  conserved  where  there  is  continual  dampness ;  it  appears 
that  this  slag-sand  is  the  right  ingredient  to  silicifv  the  free  lime 
of  cement  and  prevent  its  efflorescence  in  dry  exposures,  an  effect 
for  permanence  even  more  valuable  than  the  initial  strengthening 
shown  by  tests. 

As  regards  Mr.  Shinn’s  sententious  review*  on  the  uses  of  the 
slag  in  Europe  and  the  newer  transformations  there  and  here  into 
even  transcendently  useful  by-product,  with  the  statistics  showing 
the  greatest  waste  in  the  world  to  be  here  at  Pittsburg,  it  behooves 
us  to  unite  in  deprecating  a  technical  folly  so  brought  home  to 
this  Society  as  a  subject  of  some  public  concern,  to  invoke  opinion 
for  economy  which  must  benefit  every  inhabitant  of  the  country, 
high  or  low,  now  and  in  the  future. 

We  may  allow  unprotested  the  ephemeral  monkey  shines 
indulged  in  by  giddy  personages  as  passing  extravagances  of 
weakened  individuals,  but  are  we — blind  leaders  of  the  blind — to 
stand  in  the  pi  esence  of  the  crux  as  the  fool  that  knows  not  that 
he  knows  not,  or  the  simpleton  that  knows  that  he  knows  not,  or 
the  dullard  that  knows  not  that  he  knows ;  or  shall  we  be  the  wise 
men  that  know  that  they  know  and  prove  the  ability  to  teach  with 
effect. 

Mr.  Shinn,  City — The  following  letter  would  seem  to  justify 
the  theory  that  neither  water  nor  sulphur  would  produce  corro¬ 
sion  of  iron,  if  protected  by  a  sound  coating  of  cement  of  sufficient 
thickness  to  prevent  free  access  of  oxygen.  In  the  opinion  of  mine 
managers,  the  sulphuric  acid  in  this  water  would  have  caused  a 
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break  in  this  pipe  within  two  years  if  it  had  not  been  protected 
with  a  cement  coating. 

H.  C.  Frick  Coke  Company. 

CONNELLSX  ille  coke. 

Office  or  Superintendent  of  Standard  Mines. 

Mt.  Pleasant,  Pa.,  Aprii  8,  1904. 

Mr.  F.  Z.  Sch ellen berg,  Pittsburg  Pa. 

Dear  Sir : — Replying  to  your  letter  to  the  24"  cast  iron  dis¬ 
charge  pipe  at  Standard  shaft :  This  line  was  put  in  operation  in  the 
spring  of  1887.  The  perpendicular  part  is  303  ft.  deep  and  the 
horizontal  130  ft.  long.  After  the  lines  were  in  place  they  were 
treated  with  a  heavy  coating  of  Portland  cement,  applied  on  the 
perpendicular  line  with  a  brush  and  on  the  horizontal  one  with  a 
trowel.  Cement  had  an  average  thickness  where  brush  was  used 
of  l  inch,  and  where  trowel  was  used  J  inch. 

The  first  break  due  to  service  was  in  May,  1896.  when  the 
foot  ell  burst.  It  burst  or  wore  out  at  the  curve  of  the  ell.  All  the 
cement  had  been  worn  off,  due  to  the  action  of  the  water  in  pass¬ 
ing  around  the  curve.  This  left  the  cast  iron  exposed  to  the 
action  of  the  acid  in  the  water.  It  was  noted  at  the  time  of  the 
break  that  the  metal  was  inch  thick  at  the  edge  of  the  hole,  which 
was  about  6"x8".  This  elbow  was  replaced  and  the  line  next  burst 
on  the  perpendicular  part,  about  nine  feet  above  the  foot  ell,  on 
January  11,  1899.  It  showed  that  water  had  gotten  to  the  cast 
iron  and  weakened  the  metal  so  that  a  piece  dropped  out  4  feet 
long,  2  inches  at  the  top  and  8  inches  at  the  bottom  and  inch 
thick  at  the  edge.  With  the  above  exceptions  this  line  has  been  in 
continuous  service  since  1887,  and  at  present  an  average  of  1.400 
gallons  per  minute,  day  and  night,  is  pumped  through  it. 

Yours  truly, 

Jas.  S.  Mack, 
Superintendent. 

Mr.  Shinn — Dr.  Michalis  brought  forward  a  theory  of  the 
hardening  of  cement  (188 2)  which  is  recognized  as  one  of  the 
best.  He  said  when  Portland  cement  is  mixed  with  water  and  hard¬ 
ens  thereby  there  is  unconditionally  a  rearrangement  of  the  mole¬ 
cules  aside  from  and  as  a  consequence  of  the  taking  up  of  water. 
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About  one-third  of  the  whole  content  of  lime  crystallizes  out  as 
lime  hydrate.  The  crystalline  separated  lime,  being  less  binding, 
has  rather  a  tendency  to  destroy  the  preparatory  cohesion  of  the 
cement  mass.  A  portion  of  this  lime  hydrate  remains  permanently 
in  that  condition  and  is  evidenced  by  the  deposit  under  favorable 
conditions  of  a  cauliflower  like  efflorescence  on  the  surface  of  the 
concrete. 

When,  however,  slag  (Pozzuolani)  is  added  to  the  cement,  the 
soluble  silica  therein  contained  furnishes  the  chemical  equivalent 
necessary  to  convert  the  whole  of  this  lime  hydrate  into  a  lime  hy¬ 
dro-silicate,  thereby  converting  this  element  of  weakness  in  the 
Portland  cement  into  an  element  of  strength  in  the  increased  vol¬ 
ume  of  cement  produced  by  such  addition. 

There  is  no  efflorescence  from  slag  Pozzuolani  cement  is 
well  known  to  those  familiar  with  that  material.  Tetmeyer  men¬ 
tions  in  his  report  that  there  is  little  or  no  efflorescence  when  Port¬ 
land  cement  is  used  for  mortar  with  slag  granulate  as  the  aggre¬ 
gate. 

Mr.  A.  D.  Wilkins — Several  concerns  in  this  country,  nota¬ 
bly  the  Illinois  Steel  Company,  use  slag  as  an  ingredient  in  true 
Portland  cement,  the  product  being  the  same  as  what  is  called 
in  Germany  “Eisen  Portland  cement/’  it  being  understood,  of 
course,  that  the  term  Portland  cement  can  be  correctly  applied  to 
any  material  having  the  same  chemical  composition  and  made  in 
substantially  the  same  way  as  ordinary  Portland  cement,  the 
sources  of  the  ingredients  being  immaterial. 


PAPER  BY  H.  D.  JAMES. 


I  77 


MECHANICAL  SECTION. 

[Paper  read  before  the  Mechanicil  Section  at  its  March  meeting.] 

HIGH  PRESSURE  HYDRAULIC  DISTRIBUTION  OF 
POWER  WITH  SPECIAL  REFERENCE  TO 
ELEVATOR  MACHINERY. 

BY  H.  D.  JAMES. 


GENERAL. 

The  subject  of  hydraulic  transmission  of  power  is  sinrlar  in 
many  respects  to  electric  transmission  of  power.  Unlike  electric 
transmission,  however,  very  little,  if  anything,  has  been  done  in 
this  country  towards  a  public  distribution  of  hydraulic  power. 
Only  private  plants  and  possibly  some  small  towns  are  supplying 
this  form  of  power  for  elevator  service,  cranes,  presses,  sewerage 
pumps,  motors,  etc. 

The  public  water  supply  in  towns  and  cities  is  generally  from 
30  to  90  pounds,  depending  upon  its  topography.  In  a  number  of 
our  large  cities  there  has  been  installed  a  system  to  be  used  for 
fire  purposes  only,  which  runs  250  to  300  pounds  pressure,  but  as 
far  as  I  know  it  has  never  been  used  for  general  power  purposes. 

CENTRAL  STATIONS. 

The  advantages  of  generating  power  in  large  quantities  at  a 
central  station  are  well  known  to  every  engineer. 

At  Kensington  Court,  London,  an  isolated  station  had  been 
installed  by  an  independent  company  to  oj>erate  at  450  pounds 
pressure.  When  the  London  Hydraulic  Power  Company’s  lines 
were  extended  as  far  as  this,  it  was  found  cheaper  to  change  these 
accumulators  from  the  700-pound  pressure  mains,  losing  the  other 
150-pound  pressure,  than  to  operate  this  isolated  station.  (Inst. 
C.  E.  Vol.  1 1 5,  Page  226.) 

(a)  When  hydraulic  power  is  developed  at  such  a  central 
station  one  of  the  chief  advantages  is  due  to  the  great  increase 
in  the  efficiency  of  the  pumping  machinery.  A  high  duty  pump- 


1 78  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


ing  engine  is  from  two  to  three  times  as  efficient  as  the  ordinary 
compound  duplex  pumps. 

(b)  Also  all  noise  and  vibration  due  to  placing  a  pumping 
plant  in  an  office  building  or  hotel  is  avoided. 

(c)  The  space  occupied  in  the  building  by  the  usual  pumps 
and  tanks  can  be  used  for  other  purposes.  This  space  is  consider¬ 
able  when  the  building  is  equipped  with  the  usual  low  pressure 
hydraulic  elevator,  installation. 

(d)  The  maximum  capacity  of  the  central  station  will  not 
have  to  be  as  great  as  the  sum  of  the  maximum  capacities  of  the 
private  power  stations  it  would  replace. 

(e)  There  are  no  tanks,  or  pump  suction  and  discharge 
chambers  to  keep  charged  with  the  proper  quantity  of  air.  Ac¬ 
cumulators,  where  it  is  necessary  to  use  them,  are  entirely  auto¬ 
matic.  The  only  attention  they  need  is  that  necessary  to  clean 
and  oil  them. 

(f)  A  supply  of  high  pressure  water  is  available  at  all  times 
for  extinguishing  fires.  This  renders  unnecessary  the  keeping  up 
steam  at  all  times  to  operate  fire  pumps,  or  the  replacing  of  a 
large  storage  tank  of  water  on  the  roof  of  a  building  for  fire  pur¬ 
poses. 

PRESSURE. 

When  power  is  distributed  by  means  of  water  it  is  necessary 
to  use  a  hig-h  pressure  in  order  to  reduce  the  quantity  of  water 
transmitted.  The  use  of  high  pressure. 

(a)  Reduces  the  size  of  pipes  required  for  the  same  per 
cent,  of  drop,  and  thus  (with  certain  limits  of  pressure)  saves  in 
the  first  cost  of  the  installation. 

(b)  The  mass  of  water  handled  is  much  smaller,  thus  re¬ 
ducing-  the  time  required  to  accelerate  or  retard  the  flow  of  water, 
also  reducing  the  shock  due  to  sudden  stoppage  of  the  flow. 

The  limit  to  the  pressure  used  for  distribution  is  determined 
by  increasing  this  pressure,  until  the  increased  cost  of  construc¬ 
tion  offsets  the  saving  in  power.  The  uses  to  which  the  prospec¬ 
tive  customer  expects  to  put  this  water  also  influences  the  choice 
of  pressure. 
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The  topography  of  the  section  served  will  likewise  enter  into 
the  calculation.  A  hilly  section  requires  a  greater  pressure  than 
a  level  one. 

ADVANTAGES  OF  WATER  POWER. 

(a)  Engine  efficiency .  Pumping  water  is  almost  an  ideal 
duty  for  a  steam  engine.  The  power  delivered  is  directly  propor¬ 
tional  to  the  revolutions  per  minute  of  the  engine  and  the  effi¬ 
ciency  drops  off  very  little  at  slow  speeds.  -This  renders  the  all¬ 
day  efficiency  of  the  engines  high,  compared  with  engines  used  for 
generating  electricity. 

(b)  The  accumulators  used  for  storing  this  energy  are  re¬ 
liable,  require  little  attention,  have  a  low  rate  of  depreciation  and 
are  mechanically  efficient. 

(c)  Regulation.  No  governors  or  other  speed  devices  are 
necessary.  The  throttle  valve  to  the  pump  is  controlled  bv  the 
accumulator.  As  it  rises,  steam  is  cut  off  the  pump ;  and  as  it 
descends,  steam  is  admitted  to  the  pump. 

(d)  Fire  risk.  The  presence  of  large  quantities  of  water 
and  the  absence  of  any  inflammable  apparatus,  except  the  boilers, 
reduces  materially  the  liability  of  fire,  either  at  the  power  house 
or  the  customer’s  building. 

(e)  Transmission.  Water  being  practically  inelastic  there 
is  little  danger  to  life  by  the  wrecking  of  a  power  line,  as  would 
be  the  case  with  steam  or  gas,  or  any  danger  of  shock  as  with 
electricity. 

The  above  advantages  have  enabled  hydraulic  power  to  com¬ 
pete  favorably  with  electric  power,  in  the  cities  where  it  has  been 
installed.  In  a  paper  read  before  the  Institute  of  Mechanical  En¬ 
gineers,  July,  1895,  Mr.  Ellington  gives  a  cost  in  round  numbers 
of  40$  more  for  generating  electrical  energy  over  hydraulic  dur¬ 
ing  the  previous  year  in  London.  A  portion  of  this  difference 
was  readily  accounted  for  but  a  large  portion  of  it  was  undoubt¬ 
edly  due  to  the  superior  efficiency  of  the  hydraulic  system. 

Freezing.  If  the  pipes  are  properly  buried  in  the  ground 
there  should  be  no  damage  caused  by  cold  weather. 

Flexibility.  Unlike  electrical  power,  where  both  alternate 
and  direct  current  are  used,  there  is  but  one  kind  of  hvdraulic 
power,  its  only  variation  is  in  the  pressure.  When  a  different 
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pressure  is  desired  it  can  readily  be  obtained  by  means  of  a  differ¬ 
ential  system  of  plungers  at  from  .85  to  .90  per  cent,  efficiency. 

Should  it  be  desirable  to  transmit  power  at  a  high  pressure 
and  reduce  the  same  in  a  building  to  operate  a  low  pressure  ele¬ 
vator  plant,  already  installed,  a  pressure  reducer  in  the  form  of  a 
hydraulic  pump  could  be  used.  This  could  be  made  duplex  and 
the  valves  connected  similarly  to  a  Worthington  pump.  By  plac¬ 
ing  the  machine  vertical  and  properly  balancing,  the  discharge 
from  the  high  pressure  ram  could  be  delivered  direct  to  the  pres¬ 
sure  tank  and  the  pump  made  practically  double  acting. 

Losses.  The  principal  losses  are  as  follows : 

(a)  Water  used  by  the  customer  but  not  registered  owing 
to  leaks,  the  meters  being  placed  in  the  discharge  line ;  also  by  the 
meters  not  registering  accurately  small  volumes  of  water. 

(b)  Water  run  to  waste  in  order  to  maintain  circulation  in 
exposed  sections  of  the  pipe  line  during  severe  cold  weather. 

(c)  Boiler  losses  (also  condensation  of  steam  in  pumps  and 
pipes)  due  to  keeping  up  steam  during  the  hours  of  small  de¬ 
mand. 

APPLICATION. 

(a)  Elevators.  This  is  by  far  the  most  extensive  applica¬ 
tion  for  such  a  hydraulic  power  system.  The  hydraulic  elevator 
has  always  been  and  is  today  the  most  suitable  type  of  elevator 
for  tall  buildings.  This  fact  is  easily  verified  by  visiting  the  large 
office  buildings  and  hotels  in  this  city,  New  York,  Philadelphia, 
Baltimore,  Chicago,  etc.  It  is  the  only  type  of  elevator  that  has 
come  into  general  use  for  high  rises  and  fast  speeds.  In  several 
places  in  this  city,  gas  or  electricity  has  been  used  to  pump  water 
for  hydraulic  elevators.  How  much  better  it  would  be  to  furnish 
the  customer  with  a  power  that  can  be  used  directly  for  his  eleva¬ 
tors  and  not  first  converted  into  some  other  form  of  power. 

In  a  number  of  smaller  buildings  hydraulic  elevators  would 
be  more  satisfactory  if  it  were  not  for  the  cost  and  space  occupied 
by  the  pumping  plant,  also  for  the  low  efficiency  of  such  a  pump¬ 
ing  plant. 

The  question  of  night  service  in  a  small  building  is  also  trou¬ 
blesome  if  a  pumping  plant  is  installed,  for  it  requires  the  attend¬ 
ance  of  a  night  engineer  as  well  as  an  elevator  operator. 
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(b)  Cranes.  Hydraulic  cranes,  of  various  types,  have  been 
in  use  for  many  years  with  very  satisfactory  results.  Such  hy¬ 
draulic  cranes  could  be  installed  to  good  advantage  to  replace 
many  of  the  hand  cranes  now  in  use.  For  certain  purposes  hy¬ 
draulic  cranes  are  preferable  to  any  other  type ;  especially  in  foun¬ 
dries  where  there  is  a  good  deal  of  dust. 

(c)  Presses.  This  is  another  very  useful  application  of 
water  power.  Under  this  head  may  be  included  all  hydraulic 
punches,  riveters,  hammers,  etc. 

(d)  Fire  Hydrants  and  Sprinkler  Systems.  As  previously 
stated  one  of  the  great  advantages  of  hydraulic  power  is  the  safety 
it  gives  against  fire.  The  high  pressure  water  is  connected  to  a 
special  hydrant  that  also  has  a  connection  to  the  low  pressure 
service  main,  and  is  in  the  form  of  an  injector.  It  can  be  ad¬ 
justed  to  give  any  pressure  between  these  two  pressures. 

While  witnessing  a  test  of  one  of  these  injector  hydrants  at 
Albert  Docks.  London,  more  than  twenty  years  ago,  Sir  Henry 
Bessemer  said  “This  great  invention  makes  London  safe  from 
fire.”  (Inst.  C.  E.  Vol.  94,  Page  54.) 

After  the  introduction  of  a  high  pressure  water  supply  for 
fire  purposes  in  Manchester,  in  1887,  the  fire  loss  was  reduced 
6-7.  In  Liverpool  this  fire  loss  was  reduced  }.  (Inst.  C.  E.  Yol. 
94,  P-  54-) 

The  sprinkler  system  may  be  connected  to  such  a  hydrant 
and  made  automatic  in  its  operation  by  the  use  of  a  small  accumu¬ 
lator. 

This  high  pressure  system  should  reduce  the  general  insur¬ 
ance  rates  in  any  given  district  where  it  is  installed. 

(e)  Sewerage  Pumps.  Hydraulic  power  has  been  very 
successfully  used  to  pump  sewerage,  the  discharge  from  the 
motor  cylinders  helping  to  flush  the  sewer.  Its  most  exten¬ 
sive  application  is  at  Buenos  Ayres,  where  the  sewerage  for 
the  whole  city  is  pumped  by  hydraulic  power.  Also  very  re¬ 
liable  pumps  of  this  type  can  be  used  to  empty  “sumpt  pits”  in 
buildings. 

(f)  Motors.  Hydraulic  power  can  be  converted  into  rotary 
motion  by  means  of  water  wheels  and  used  to  drive  shafting, 
etc.,  but  it  is  not  as  well  adapted  for  this  purpose  as  electrical 
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power  and  where  the  latter  can  be  obtained  it  will  generally 
be  used. 

(g)  Hydraulic  power  can  be  used  for  opening  draw-bridges. 

(h)  It  is  also  used  for  working  the  bellows  of  organs. 

PRESENT  STATUS  OF  HYDRAULIC  TRANSMISSION  OF  POWER. 

PUMPS. 

From  the  minutes  of  the  Institute  of  Mechanical  Engineers 
for  1895,  page  354,  I  have  taken  the  following-  table,  com¬ 
piled  by  Mr.  E.  B.  Ellington,  who  has  been  prominently  con¬ 
nected  with  many  of  these  high  pressure  installations,  and  has 
done  much  of  the  designing  himself. 


Place. 

Year  of 
Establishment. 

Length  of  Mains, 
Miles. 

Largest  Diameter  of 
Mains,  Inches. 

Engine  Horse-power 
I.  H.  P. 

Del.  of  Water  per 
week,  Gallons. 

Number  of  Machines 
Worked. 

Pressure  per  square 

inch  in  Pounds. 

100.000 

Hull. 

1877 

2-ya 

6 

250 

to 

58 

700 

500.000 

Loudon . 

1884 

76 

7 

3400 

9,500,000 

2300 

750 

Liverpool  . 

1888 

18 

6 

800 

1,000,000 

453 

800 

Melbourne . 

1889 

18 

6 

800 

1,500,000 

413 

750 

■Rirmin  pdiam 

1891 

6 

52 

78.000 

700 

Sidney . 

1891 

12 

6 

688 

740,000 

200 

750 

Antwerp . 

1894 

4 

12 

1000 

3,300,000 

Turbines 

750 

at  3  Sta. 

Manchester . 

1894 

12 

6 

800 

1,000,000 

247 

1120 

Glasgow 

1895 

9 

7 

600 

Not 

1120 

Started 

From  this  data  it  will  be  seen  that  the  first  hydraulic 
power  plant  was  installed  in  Hull,  in  1877;  by  1895  nine  cities 
were  equipped  with  a  high  pressure  hydraulic  system  aggre¬ 
gating  165  miles  of  mains,  representing  8,390  I.H.P.  and  de¬ 
livering  over  22, 000,000  gallons  of  water  per  week,  against  a 
pressure  ranging  from  700  pounds  to  1120  pounds  per  square 
inch.  In  1899  the  miles  of  pipe  in  London  had  increased  to 
106,  and  at  present  there  are  about  140  miles  of  pipe  laid  in  the 
streets,  embracing  Kensington  on  the  north  side  and  Vauxhall 
Bridge  and  Surrey  Commercial  Docks  on  the  south  side  of  the 
river.  Power  is  supplied  by  seven  pumping  stations  delivering 
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a  minimum  pressure  of  ~oo  pounds  per  square  inch ;  some  ot 
the  stations  working  at  750  pounds  and  others  at  800  pounds. 
16,000.000  gallons  (in  round  numbers)  are  being  delivered  per 
week,  supplying  nearly  5,000  machines  and  presses. 

Table  Xo.  2  shows  the  development  of  this  installation. 


Miles  of  mains  laid . . . 

Number  of  Pumping  .Stations 

I.  H.  P.  provided . 

No.  Machines  in  use . . 

Gal.  of  press  water  pumped 

per  week... . . 

Capital  Expended . 


1X87 

1893 

189.5 

1899 

1903 

27 

67 

76 

106 

140 

1 

3 

4 

T 

800 

2600 

3400 

4600 

600 

1900 

2300 

3700 

■'>000 

2,000,000 

7,5-10,000 

9,500,000 

13,000,000 

Gals,  of  ptess 
water 

16.000.000  per  week 

£  150,000 

£  421,000 

£  472,060 

Population  in  1896  estimated  at  6.000.000. 

In  Liverpool  to-day  there  are  over  twenty-four  miles,  of 
street  mains  constantly  charged  with  water  at  750  pounds 
pressure,  supplying  over  2,400.000  gallons  per  week  and  serv¬ 
ing  over  900  machines  and  presses. 

Table  Xo.  3  shows  the  progress  this  company  is  making. 


Date. 

Gals,  of  press  water 
pumped  per  week. 

No.  of  Machines 

1893  . 

463,000 

284 

1895 . 

619.000 

452 

1897  . 

1 ,442,000 

574 

1899  . 

1.882,000 

689 

1901 . 

2.001,000 

794 

2,430,000 

915 

Population  in  1891 — 518,000. 


PUMPS. 

The  equipment  of  the  first  pumping  station  in  London 
consisted  of  four  compound  pumps  of  200  I.H.P.  each,  3 
cylinders  with  the  H.P.  cylinder  in  the  center,  19  inches  dia. 
each  L.P.  cylinder,  25  inches  dia.  24  inch  stroke ;  plungers  single 
acting  5  inches  dia. 

These  pumps  delivered  240  gallons  per  minute  at  200  ft. 
piston  speed  against  750  pounds  pressure  and  could  be  safely 
run  up  to  250  ft.  piston  speed. 

At  a  test  made  March  10th,  1887  (minutes  Institution  of 
Civil  Engineers  1887,  vol.  94).  of  8  hours,  and  50  minutes  dura- 
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tion,  these  pumps  developed  one  I.H.P.  per  hour  with  2.19 
pounds  of  coal  or  19.79  pounds  of  steam.  Later,  during  regu¬ 
lar  working  conditions,  they  consumed  2.93  pounds  of  coal  per 
I.H.P.  per  hour.  Steam  pressure  82J  pounds. 

Triple  expansion  pumps  are  now  used  which  develop  an 
I.H.P.  per  hour  with  15  pounds  of  water.  At  Glasgow,  Scot¬ 
land,  there  are  six  triple  expansion  pumps  of  200  I.H.P.  each, 
operated  at  150  pounds  steam  pressure.  H.P.  cylinder  15 
inches  diameter;  Int.  Cylinder  22  inches  diameter;  L.P. 
Cylinder  36  inches  diameter  and  24  inch  stroke.  Pump  single 
acting  plungers  5  inches  diameter. 

Table  No.  4  (compiled  from  data  Institute  of  Civil  En¬ 
gineers,  vol.  1 1 5,  page  227,  etc.)  gives  the  relative  efficiency  of 
these  pumps. 


Station. 

Steam  Eng. 

Single  Acting 
Pump. 

Steam 

Press. 

Water 

Press. 

Lbs. 
Steam 
per  I.  H.  P. 

Reference. 

Falcon  Wharf,  Lon _ 

Comp. 

19  x  2,  25  in. 
Same  (?) 

5  in.  (?) 

82-^ 

750 

19.79 

Inst. 

C.  E.  Vol. 94 

Melbank,  Lon . 

Same  (?) 

94 

750 

17.71 

Inst. 

Wapping,  L011 . 

Triple 

15  &  22  &  36  x  24 

3-5  in.  plungers 

143 

750 

14.1 

C.E.vol.  115  p227 
M.E/94  p536-51 

Manchester . 

Glasgow . 

15  &  22  &  36  x  24 
15  &  22  &  36  x  24 

3-5  in.  plungers 
3-5  in.  plungers 

120 

150 

1120 

1120 

. 

All  the  above  engines  deliver  from  200  to  250  gallons  per 
minute.  Piston  speed  200  to  250  ft.  per  minute. 

AVater  is  pumped  from  the  storage  tanks  placed  above  the 
level  of  the  engines.  This  water  is  filtered  and  purified ;  all 
pumping  being  done  by  hydraulic  pumps.  This  method  of 
pumping  is  more  efficient  and  permits  the  filtering  process  to 
continue  during  the  night  as  these  pumps  can  be  regulated 
automatically. 

Stations  of  1,200  I.H.P.  seem  to  give  the  best  results. 

These  tests  were  made  a  number  of  years  ago  and  now 
much  better  efficiencies  are  guaranteed,  pumps  are  sold  to-day 
to  deliver  an  I.H.P.  per  hour  on  a  little  over  11  pounds  of 
steam.  (Engineering  Record  Nov.  16,  1901.)  Also  steam 
engines  using  super-heated  steam,  have  given  even  better 
results.  (Trans.  Am.  Soc.  Mech.  Eng.  Dec.  1903.) 

Accumulators  are  provided  at  each  station,  generally  in 
pairs.  Their  combined  capacity  in  London  in  1893  (Inst.  Civil 
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Engineers,  vol.  115,  page  2 26)  represented  less  than  one-half 
minutes  capacity  of  all  the  pumps.  Table  5  gives  details  of 
some  of  these  accumulators. 


Station. 

No.  of  I  . 

.  Diameter. 

Accumulators. 

Stroke. 

Falcon  Wharf,  London . 

2 

20  in. 

23  ft.  0  in. 

Milbank  London . 

1 

is  in. 

20  ft.  0  in. 

Philip  Lane,  London . . 

1 

18  in. 

20  ft.  0  in. 

Wapping,  London . 

2 

20  in. 

23  ft.  0  in. 

Glasgow,  1st  Station . 

2 

18  in. 

23  ft.  0  in. 

Manchester  Station . . . 

2 

18  in. 

23  ft.  0  in. 

Pipes.  The  pipes  are  of  cast  iron  seldom  over  6  inch 
diameter  with  flanges  set  back  a  little  from  the  ends.  The 
joints  are  made  with  two  bolts,  are  male  and  female,  and  pack¬ 
ed  with  gutta-purcha  rings  set  in  Y  shaped  grooves.  The 
velocity  of  the  water  in  these  pipes  seldom  exceeds  5  or  6  ft. 
per  second. 

A  test  made  on  a  pipe  three  miles  long  at  a  velocity  of 
2.83  ft.  per  second  gave  a  drop  of  about  23  ft.  head  per  1,000 
yards.  (Inst.  Civil  Eng.  vol.  94,  page  8.) 

Prof.  R.  H.  Smith  (Institute  Civil  Engineers,  vol.  94,  p.  80 
and  81)  gives  the  following  formula  for  figuring  the  horse 
power  transmitted,  diameter  of  pipe,  etc. 


H.P.  transmission  =  .262  Y  p  =  ^4  O  p 
V'=  Cubic  per  sec.  O  =  Gal.  per  minute 

p  =  lbs.  pressure  per  square  inch 
Friction  loss  of  H.P.  =  yf10  4*  Q  s=-  5 


0  =  gallons  per  hour. 
L  —  length  in  feet. 


4.09 


[LxHP 

B  p3 


d  =  diameter  in  inches. 

</>  =  coef.  ofhyd.  resistance 
=.002  -  .008  say  .007 
H.P.  lost 

(B  =  H.P.  trans  J 


Registration  of  Supply.  The  commercial  success  of  a 
public  distribution  of  hydraulic  power  depends  largely  upon 
the  ability  to  accurately  measure  the  water  consumed  by  each 
customer. 

Unlike  electric  meters  the  hydraulic  meter  measures  the 
quantity  of  water  consumed  irrespective  of  the  pressure  at 
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which  it  is  delivered,  also  the  most  successful  water  meters 
are  those  that  operate  at  low  pressure,  as  most  high  pressure 
meters  do  not  measure  accurately  small  quantities  of  water ; 
such  as  are  due  to  leaks  of  various  kinds.  At  present  most  of 
the  water  from  these  high  pressure  mains  is  measured  by  low 
pressure  meters  placed  in  the  discharge  from  the  machine. 
This  method  does  not  register  any  water  that  may  be  lost  by 
leaks  while  passing  through  the  machinery,  which  is  some¬ 
times  large.  Even  with  these  defects  to  contend  with  an 
average  of  92  per  cent,  of  the  total  water  pumped  is  registered 
in  London  and  95  per  cent,  in  Liverpool.  Lately  high  press¬ 
ure  meters  are  made  which  are  more  accurate  and  these  are 
coming  more  into  use. 

O11  October  20th,  1896,  Mr.  Gustave  Kaufmann  read  a 
paper  before  this  society,  giving  an  outline  of  a  high  pressure 
hydraulic  system  designed  for  Pittsburgh.  This  subject  should 
be  of  even  more  interest  to  the  public  now  than  it  was  in  1896. 

In  this  country  all  installations  have  been  operated  from 
private  plants.  The  largest  is  that  now  being  erected  in  the 
Metropolitan  Life  Insurance  Co/s  building  in  New  York  City, 
where  nearly  fifty  (50)  elevators  will  be  operated  in  the  near 
future.  The  power  plant  is  being  designed  with  a  view  to 
extensive  additions  of  elevators  later. 

The  Prudential  Insurance  Company  of  Newark,  N.  Y.,  has 
about  forty  (40)  elevators  now  in  operation,  scattered  through 
several  buildings. 

The  Land  Title  Building  in  Philadelphia  has  recently 
been  equipped  with  high  pressure  elevators. 

West  of  here  there  are  several  recent  installations:  Lirst 
National  Bank,  Chicago,  seven  (7)  elevators;  Wells  Build¬ 
ing,  Milwaukee,  seven  (7)  elevators;  Chamber  of  Commerce, 
Minneapolis,  five  (5)  elevators;  National  Bank  of  Com¬ 
merce,  St.  Louis,  four  (4)  elevators ;  Singer  Mfg.  Co.,  South 
Bend,  Ind.,  thirteen  (13)  elevators  ;  Citizens  Building,  Cleve¬ 
land,  six  (6)  elevators. 

Here  in  Pittsburgh  two  large  plants  are  being  erected,  one 
for  the  estate  of  Henry  Phipps,  which  will  start  up  with  eight 
elevators,  two  of  which  will  lift  10,000  pounds  load;  the  other 


PAPER  BY  H.  D.  JAMES. 


l87 


for  Henry  \Y.  Oliver,  which  will  have  eleven  elevators  at  first. 
Both  plants  have  been  designed  with  a  view  of  operating  an 
increasing  number  of  elevators  in  the  future. 

At  present  the  American  practice  is  to  make  the  accumu¬ 
lator  capacity  equal  to  15  per  cent,  of  the  total  elevator  ca¬ 
pacity.  This  applies,  however,  to  private  installations,  as 
above  enumerated. 

ADVANTAGES  OF  HYDRAULIC  POWER  FOR  ELEVATORS. 

First,  (a)  A  hydraulic  apparatus  is  hardly  and  does  not 
depreciate  rapidly.  It  is  not  uncommon  for  a  hydraulic  eleva¬ 
tor  to  be  operated  for  fifteen  to  twenty  years. 

(b)  It  is  not  liable  to  temporary  shut-downs  during 
working  hours. 

Second.  Ease  and  efficiency  of  control : 

(a)  The  speed  of  the  elevator  can  be  adjusted  by  the 
opening  of  the  valve,  with  little  loss  in  efficiency  and  can  be  so 
run  indefinitely. 

j 

(b)  The  lifting  capacity  and  maximum  speed  can  both 
be  increased  by  increasing  the  water  pressure  within  the  limits 
of  the  strength  of  the  machine.  Elevators  that  have  been  in 
operation  for  five  or  ten  years  are  often  “speeded  up”  in  this 
way  by  a  change  in  the  pump. 

(c)  The  speed  can  be  increased  by  enlarging  the  hy¬ 
draulic  connections. 

(d)  The  start  and  stop  is  positive,  the  water  acting 
directly  on  the  piston  or  plunger. 

(e)  d'he  machine  can  be  built  for  any  desirable  speed 
as  the  action  is  positive  and  of  the  same  kind  as  the  car,  viz: 
reciprocating. 

Third.  Safety. 

fa)  No  brake  is  necessary  as  water  is  practically  incom¬ 
pressible  and  forms  its  own  brake. 

(b)  The  machine  has  positive  limits  of  travel,  inherent 
in  its  construction,  and  when  properly  designed  the  car  cannot 
over-travel. 

(c)  The  maximum  lifting  force  can  never  exceed  the 
pressure  of  water  times  the  area  of  the  piston  ;  which  is  a  con- 


1 88  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

stant  function.  If  the  car  is  overloaded  the  machine  simply 
does  not  lift  it. 

In  lowering  with  an  overload  the  speed  can  be  readily 
kept  down  to  any  desired  amount  by  properly  operating  the 
valve. 

Should  the  car  become  obstructed  in  its  passage  no  in¬ 
creased  power  is  exerted  by  the  machine. 

(d)  Any  defects  in  joints  or  stuffing  boxes  make  them¬ 
selves  known  at  once  by  the  leakage  of  water. 

(e)  Hydraulic  machines  do  not  require  expensive  spare 
parts  to  be  kept  in  stock,  oil  and  packing  being  the  only  arti¬ 
cles  needed  often.  With  proper  design  and  care  good  packing 
should  last  several  months. 

(f)  Dirt  is  always  detrimental  to  machinery;  but  it  af¬ 
fects  hydraulic  elevators  less  than  any  other  type. 

(g)  Hydraulic  elevators  have  few  parts  that  are  apt  to 
get  out  of  adjustment  and  need  constant  attention. 

DISADVANTAGES  OF  HYDRAULIC  ELEVATORS. 

First.  Efficiencv. 

j 

Hydraulic  machines,  as  generally  constructed,  consume  a 
constant  amount  of  water  per  trip  independent  of  the  load 
carried ;  and,  therefore,  have  a  less  "all  day  efficiency’’  than 
an  electric  machine  which  consumes  power  in  proportion  to 
the  load. 

However  for  the  same  maximum  load  the  hydraulic 
machine  is  ioo  to  125  per  cent,  more  efficient. 

The  method  of  counterbalancing  also  affects  the  efficiency. 
The  hydraulic  machine  is  single  acting  and,  therefore,  the 
counterbalance  must  always  be  less  than  the  total  car  weight, 
where,  with  a  drum  and  worm  gear  machine  the  C.B.  equals 
the  car  weight  plus  half  the  average  load.  This  latter  type  of 
machine  with  an  average  load  in  the  car  is  evenly  balanced 
and  consumes  only  enough  power  to  overcome  friction.  This 
is  the  reason  that  electric  machines  with  their  low  actual  ef¬ 
ficiency  have  a  higher  all  day  efficiency  when  in  proper  work¬ 
ing  condition. 
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Quite  a  number  of  the  elevator  machines  in  use  abroad 
have  either  been  built  or  else  designed  in  this  country  by 
American  engineers.  Many  machines  of  this  type  have  been 
designed  and  built  under  the  personal  supervision  of  Mr.  Thos. 
E.  Brown,  Jr.,  also  Mr.  Geo.  Reynolds  and  Mr.  Thorpe  have 
contributed  much  towards  our  knowledge  of  high  pressure 
hydraulics. 

The  High  Pressure  Hydraulic  Elevator  Machine  used  to¬ 
day  in  this  country  is  the  geared  type  of  plunger  machines. 
On  the  end  of  the  plunger  away  from  the  cylinder  are  mount¬ 
ed  two  or  more  sheaves;  at  the  opposite  end  of  the  cylinder 
are  also  mounted  one  or  more  sheaves.  The  ropes  are  wound 
from  the  plunger  sheaves  to  the  cylinder  sheaves  and  back 
again  several  times,  then  to  the  car.  The  other  end  of  the 
ropes  is  anchored  to  the  cylinder.  As  the  plunger  moves  out 
of  the  cylinder  the  car  is  lifted.  The  cylinder  is  inverted  so 
the  plunger  moves  down  when  the  car  rises;  in  this  way  the 
weight  of  the  plunger  and  the  traveling  sheaves  partly 
counterbalance  the  car  weight.  The  additional  counterweight 
necessary  is  placed  in  an  extension  of  the  iron  strap  which 
carries  these  traveling  sheaves.  The  machine  is  suspended 
from  beams  in  the  hatchway  and  the  plunger  strikes  a  cushion 
buffer  placed  on  a  foundation,  at  the  limit  of  its  travel.  The 
cushioning  is  generally  effected  by  a  piece  of  timber  set  on 
end.  The  cylinder  is  also  tied  to  the  foundation  by  means  of 
the  “T”  iron  rails  which  guide  the  traveling  sheaves  and 
counterweights. 

The  only  packing  in  the  machine  is  in  the  stuffing  box  at 
the  end  of  the  cylinder,  which  is  very  accessible  and  any 
leakage  is  easily  detected.  Water  is  admitted  and  discharged 
through  the  same  cylinder  port.  The  supply  is  generally  be¬ 
tween  700  pounds  and  800  pounds  per  square  inch  and  the 
water  is  discharged  at  75  pounds  to  90  pounds  per  square 
inch ;  generally  to  a  roof  tank  from  which  the  pump  suction 
is  taken.  The  discharging  against  pressure  prevents  the 
cylinder  from  drawing  should  th£  operating  valve  leak. 
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TESTS. 

A  test  for  efficiency  was  made  on  one  of  the  elevators  in  the 
Prudential  Building,  Newark,  N.  J.,  by  Mr.  J.  R.  Furman. 
The  data  of  the  machine  is  as  follows : 

y~i"  Plunger 
6:i  Gear 
4-f"  Ropes 
140  ft.  Rise 

Gross  Pressure  750  lbs.  per  square  inch 
Back  “  80  lbs.  to  100  lbs. 

All  tests  made  at  a  car  speed  of  about  5  ft.  per  minute. 

Load  in  car . one  person 

Elevator  efficiency  ....  50$ 

Load  in  car . 1500  lbs. 

Elevator  efficiency  ....  61$ 

Load  in  car .  2500  lbs. 

Elevator  efficiency  .  .  .  .  77$ 

In  the  above  test  the  actual  load  was  the  load  in  the  car, 
plus  the  unbalanced  weight  of  the  car,  although  only  the  load 
in  the  car  was  used  to  figure  the  eleA^ator  efficiency,  as  this  is 
the  useful  load. 

The  average  gross  efficiency  which  is  used  as  a  basis  for 
designing  this  type  of  machine  is  about  as  follows : 


2  :i 

Gear  .  .  .  . 

.  .  .  .  85$  Efficiency 

4:1 

u 

. .  ..  820 

6:1 

u 

..  ..  8o0 

8  :i 

u 

••  ••  75* 

10  :i 

ii 

....  700 

The  total  load  used  in  this  latter  case  to  include  from  500 
lbs.  to  1,000  lbs.  of  unbalanced  car  weight. 
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DISCUSSION. 

Chairman — I  would  think  a  great  saving  could  be  effected 
by  a  central  hydraulic  system  to  work  the  elevators  in  the 
tall  buildings  in  Pittsburgh,  especially  as  the  territory  in 
which  the  pipes  would  have  to  be  laid  is  not  great. 

Mr.  Flanican — I  believe  that  until  recent  years,  in  this 
country,  the  principal  experiences  of  high  pressure  hydraulic 
transmission  has  been  in  the  rolling  mills  and  steel  works 
practice,  and  there  it  has  been  found  not  only  better  than  any¬ 
thing  else  but  almost  the  only  thing  for  many  purposes.  We 
can  hardly  imagine  some  of  the  appliances  worked  by  hydrau¬ 
lic  power  as  being  worked  by  anything  else,  and  they  have 
proven  very  sufficient  with  a  comparatively  ordinary  class  of 
labor  to  tend  to  them.  The  tendency  of  late  years  in  mill 
practice,  I  believe,  has  been  towards  higher  pressures  than 
were  formerly  used.  Twenty  years  ago,  perhaps,  pressures 
higher  than  four  hundred  pounds  were  not  very  common  in 
mills  and  steel  works.  I  think  at  the  present  time  the  tend¬ 
ency  would  be  to  run  from  750  to  1,000  pounds  pressure,  and 
it  seems  to  be  noteworthy  that  the  elevators  are  coming  the 
same  way.  T  believe  that  many  of  the  elevators  used  hereto¬ 
fore  ran  at  perhaps  150  lbs. 

Mr.  Cronemeyer — I  would  like  to  ask  Mr.  James  what  the 
length  of  these  cylinders  are  that  operate  the  elevators.  I 
notice  there  are  about  three  or  four  sets  of  sheaves  on  the 
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elevators  and  to  operate  a  building,  say  12  or  14  stories  high, 
would  require  a  pretty  long  cylinder. 

Mr.  James — The  cylinders  are  in  the  neighborhood  of  40 
or  50  feet  long.  If  you  have  a  rise  of  200  feet  and  geared  four 
to  one,  you  have  a  50  foot  stroke.  The  only  limitation  on  the 
stroke  on  a  machine  of  this  type,  is  to  have  a  plunger  of  suf¬ 
ficient  si^e  to  give  it  stability.  Another  type  of  machine 
where  you  depend  on  the  water  column,  under  the  piston  to 
compensate  for  the  variable  head,  you  are  limited  to  practical¬ 
ly  30  ft.  unless  there  is  some  special  device  to  take  care  of  an 
additional  column  of  water. 

Chairman — If  a  company  would  erect  a  power  plant  and 
build  a  line  to  supply  power  to  the  different  customers,  it 
ought  to  be  a  great  deal  better  than  to  have  the  room  taken 
up  in  their  own  buildings  with  an  inefficient  pumping  system. 
The  laying  of  the  pipes,  of  course,  is  one  trouble  in  having  to 
take  up  the  streets,  but  they  lay  the  electric  conduits,  etc.,  for 
the  telegraph  and  telephone  companies,  and  the  pipes  required 
are  not  very  large.  What  size  are  they? 

Mr.  James — Six  inches  seems  to  be  about  the  largest.  Of 
course  where  there  is  a  large  quantity  of  water  they  use 
several  of  these  six-inch  pipes.  There  is  no  objection  to  lay¬ 
ing  pipes  all  in  the  same  trench,  but  with  the  electric  wire  it 
would  be  a  different  proposition.  In  hydraulic  power,  unless 
Were  is  danger  of  a  cave  in  or  something  of  that  kind,  one 
route  is  as  safe  as  another. 

Mr.  Underwood — I  would  like  to  say  that  the  installation 
for  the  Oliver  Building  is  something  on  this  system.  The 
pumping  plant  is  back  of  the  Duquesne  Club  and  the  trench  is 
laid  under  the  street  for  perhaps  a  hundred  yards ;  so  really 
Pittsburgh  has,  on  a  small  scale,  a  system  of  this  kind. 

Mr.  James — There  have  been  some  very  curious  results  in 
various  places,  in  connection  with  power  transmission.  In 
New  York  they  have  a  steam  system,  and  in  Paris  they  have 
quite  an  extensive  system  of  air  pipes,  from  which  a  number 
of  elevators  have  been  operated  by  means  of  an  indirect 
system.  In  fact  right  here  in  our  own  city,  there  are  two 
large  interests  who  are  providing  for  their  own  private  high 
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pressure  distribution;  and  I  find  that  through  the  West,  even 
for  comparatively  small  buildings,  where  there  are  half  a  dozen 
or  more  elevators,  they  are  taking  more  kindly  to  this  high 
pressure  system  than  to  others,  owing  to  the  small  space  oc¬ 
cupied  by  the  pipes.  This  seems  to  indicate  that  there  is  suf¬ 
ficient  advantage  in  it  to  make  it  profitable  to  even  small  users. 
From  these  results  and  those  obtained  abroad,  it  should  prove 
to  11s  that  it  is  not  only  good  from  an  engineering  standpoint, 
but  that  such  companies  should  pay  very  good  dividends,  and 
in  fact  the  foreign  companies  are  paying  well  on  the  invest¬ 
ment. 

Mr.  Blum — Doesn't  it  seem  rather  dangerous  to  use  high 
pressure  fire  supply  for  hydraulic  elevators?  One  can  con¬ 
ceive  that  just  at  the  very  time  when  the  greatest  water  supply 
would  be  needed  for  fire,  the  greatest  power  would  be  requir¬ 
ed  for  hydraulic  elevators  in  the  moving  of  people  down  from 
our  large  buildings.  It  would  seem  that  while  this  hydraulic 
power  system  would  be  meritorius,  there  should  be  a  perfect¬ 
ly  independent  supply  for  fire  purposes.  Engineering  News, 
March  3rd  and  24th,  1904,  have  reports  on  proposed  high 
pressure  fire  sinus  for  Chicago  and  New  York,  and  in  these 
articles  the  writer  advocates  the  same  independent  fire  supply. 

Mr.  James — In  connection  with  that,  you  are  lowering 
heavy  loads  and  not  lifting,  and  as  very  few  people  would  want 
to  go  up  in  the  car,  the  car  would  go  up  light  and  could  be 
lifted  with  a  very  much  reduced  pressure.  Now  a  hydraulic 
supply  ought  to  have  a  considerable  capacity  and  a  local  fire 
in  its  building,  such  as  the  Frick  Building,  should  not  require 
enough  high  pressure  water  to  drain  that  section  of  the  town. 
It  is  quite  a  different  proposition  to  lift  a  light  car  than  one 
with  25  people  in  it.  I  know  that  in  Manchester  and  Glasgow 
and  London,  there  has  never  been  any  difficulty  of  that  kind. 
They  have  always  had  enough  water  for  both  purposes.  The 
amount  of  high  pressure  water  used  for  hydrant  purposes  is 
very  small.  \\  hen  you  get  to  the  higher  floors  you  need  to 
re-inforce  the  city  supply  with  high  pressure  water.  I  under¬ 
stand  in  talking  to  a  fire  underwriter  that  thev  object  very 
much  to  having  a  stream  under  high  pressure  turned  on  any 
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property,  as  the  water  does  more  damage  than  the  fire.  In 
Philadelphia  they  have  installed  quite  an  elaborate  system  to 
be  used  for  fire  purposes.  Probably  they  have  enough  fires  in 
that  portion  of  the  city  to  operate  the  pumps  every  day  or 
two ;  but  if  they  had  a  few  elevators  it  would  require  some  of 
the  pumps  to  run  continuously  and  insure  the  plant  being 
always  operative. 

Mr.  Cronemeyer — You  say  that  in  raising  a  light  load  the 
quantity  of  water  required,  or  rather  the  power  required,  can 
be  altered,  that  is  by  using  a  smaller  pressure.  The  quantity 
of  water,  of  course,  would  remain  the  same,  would  it  not? 

Mr.  James — There  have  been  two  or  three  “double  power 
systems”  put  in  use  but  they  had  to  abandon  the  idea  of  regu¬ 
lating  the  power  automatically,  so  they  introduced  a  system  of 
regulating  by  means  of  a  lever,  with  the  result  that  the  oper¬ 
ator  always  moved  the  lever  so  as  to  get  the  highest  pressure. 
It  has,  therefore,  been  found  that  the  additional  pipe  costs 
more  than  the  wasting  of  the  additional  power.  One  objec¬ 
tion  to  hydraulic  elevators,  is,  that  they  waste  power  with 
light  loads.  In  regard  to  the  height  of  the  buildings,  a  fifty 
foot  additional  building  means  25  lbs.  more  pressure  on  the 
water  system.  They  could  readily  take  care  of  the  difference 
in  rise  of  any  of  the  buildings. 

Mr.  Flanigan — In  the  case  of  large  landowners  or  any 
large  corporation  controlling  considerable  territory,  in  the 
business  portion  of  cities — it  seems  to  be  their  adopted  policy 
of  late  to  put  in  a  central  power  plant.  If  they  intend  to  put- 
up  several  buildings  they  do  not  put  up  one  building  with  a 
power  plant  in  the  basement,  and  put  up  another  one  also  with 
a  separate  power  plant  in  the  basement ;  they  adopt  the  central 
power  plant.  There  are  a  good  many  things  that  hydraulic  power 
is  useful  for.  It  has  been  found  available  in  large  operations, 
such  as  immense  presses.  It  may  be  that  if  we  had  a  system 
installed  in  the  cities  of  this  country  they  would  develop  a 
number  of  small  drains  on  it  in  the  same  way.  Small  manu¬ 
factures  might  find  it  to  their  interest  to  put  in  appliances  to 
be  operated  by  hydraulic  power  where  they  use  other  forms 
of  machinery  now.  It  is  not  so  long  since  the  forging  press 
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has  displaced  the  steam  hammer  in  forges.  We  might  come 
to  it  yet  that  in  the  small  forge  shops  they  would  displace 
small  steam  hammers.  In  various  other  ways,  if  water  power 
were  available,  we  might  be  able  to  make  use  of  it.  Take  an 
important  appliance  in  a  rolling  mill,  the  ingot  stripper;  it 
would  be  hard  to  imagine  the  same  efficiency  being  obtained 
in  any  other  way.  With  the  differential  cylinder  of  to-day, 
we  have  the  entire  area,  for  the  instant  to  start  a  mould  off  an 
ingot,  and  at  the  very  instant  that  the  separation  takes  place 
and  the  mould  begins  to  raise,  the  machine  practically  cares 
for  itself,  and  the  only  water  used  in  raising  is  the  dif¬ 
ference  between  the  two  areas,  barely  enough  to  lift  the 
mould ;  so  that  there  is  a  hydraulic  machine  which  wastes  very 
little  water.  I  think  in  the  Steel  Car  Company’s  plant  they 
have  several  miles  of  water  mains,  all  told,  running  up  to  1.000 
lbs.  pressure,  and  in  their  great  presses  that  pressure  is  in¬ 
creased  by  hydraulic  intensifiers  to  from  1,500  to  2,500  pounds: 
and  there  is  a  case  where  they  do  not  waste  much  power 
either.  They  have  water  at  1,000  lbs.  and  they  can  perform 
part  of  their  work  with  that  and  if  they  come  to  a  sticker, 
they  can  bring  the  pressure  up  to  2,500,  so  that  the  bulk  of 
the  work  is  done  at  a  calculated  pressure,  and  it  is  only  when 
the  intensifier  is  needed  that  it  is  used.  It  is  immediately 
available  merely  by  pulling  the  lever,  so  there  are  no  losses 
from,  or  trouble  about  it. 

Mr.  Boltzrll — About  stripping  ingots,  that  work  is  being 
done  successfully  in  a  number  of  mills  to-dav,  by  electric 
power.  I  think  in  the  last  four  or  five  years  there  have  been 
about  10  electric  strippers  put  in  to  one  hydraulic.  1  think 
there  is  a  great  deal  to  be  said  in  favor  of  electric  strippers  as 
compared  with  hydraulic. 

Mr.  Flanigan — I  had  the  pleasure  of  helping  to  build  an 
electro-hydraulic  stripper  in  the  days  before  the  electric 
stripper,  Mr.  Boltzell  speaks  of,  was  introduced.  The  stripper 
was  on  a  traveling  bridge,  so  as  to  command  the  yard  and  take 
the  stripper  to  the  ingots  in  place  of  the  reverse.  The  first 
thing  they  called  for  was  to  have  a  double  stripper,  these  two 
cylinders  to  remove  two  moulds  at  a  time,  the  way  we  fre- 
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quently  build  the  hydraulic  ones.  By  the  time  we  got  the  two 
cylinders  on  the  trolley,  and  the  little  tank  to  carry  sufficient 
water  for  them,  and  the  pumps  to  pump  the  water,  and  the 
electric  motors  to  run  the  pumps,  we  found  that  we  had  a 
pretty  big  thing.  The  design  was  made,  fully  completed,  and 
sent  to  the  parties  asking  for  the  proposition  and  it  met  with 
their  approval  in  every  way  except  one,  that  you  were  mov¬ 
ing  such  an  enormous  tonnage.  You  moved  some  hundred  of 
tons  of  machine  to  strip  a  few  tons  of  mould  from  the  ingot. 
However,  they  simply  cut  the  thing  in  two  and  contented 
themselves  with  the  one  stripper,  and  it  was  built  that  way. 
I  believe  a  second  one  was  installed,  but,  as  Mr.  Boltzell  has 
remarked,  they  have  made  the  electric  stripper  successful,  and 
where  they  want  it  to  command  a  yard  and  want  it  on  a 
traveling  bridge,  they  build  the  electric  one  in  preference  to 
the  hydraulic,  because  you  can  do  it  with  not  much  more 
weight  than  an  ordinary  electric  traveling  crane,  whereas  the 
electro-hydraulic  one  is  a  very  heavy  machine. 

Mr.  Stucki — It  just  runs  in  my  mind  that  the  Railroad 
Company  with  which  I  used  to  be  conected,  had  exceedingly 
good  results  from  hydraulic  cranes  in  their  wheel  foundries. 
They  were  specially  designed  for  this  purpose,  by  Wm. 
Sellers  &  Co.,  and  have  been  in  constant  use  for  over  twenty 
years.  Their  motion  is  very  steady  and  smooth,  which  makes 
them  very  adapted  for  moulding  wheels,  and  similar 
work. 

W e  used  hydraulic  presses  quite  extensively,  as  all  the 
flanges  boiler  sheets,  dome  castings,  cylinder  head  castings, 
etc.,  were  pressed  into  shape  thereby.  The  water  pressure 
was  1,450  lbs.  per  square  inch.  This  same  pressure  was  used 
to  run  the  hydraulic  engines  for  the  bending  and  straighten¬ 
ing  rolls,  and  hydraulic  motors  were  used  to  obtain  the  lift 
and  the  carriage  travel  of  the  large  17  foot  boiler  riveter.  Both 
of  these  motions  were  easily  controlled  by  two  additional 
levers  alongside  the  riveter. 

A  steel  car  plant,  with  one  of  which  I  am  at  present  con¬ 
nected,  could  not  be  without  hydraulic  pressure.  We  drive 
most  all  the  rivets  in  this  way,  all  we  possibly  can.  This  is  true 
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economy  and  makes  the  best  job.  I  remember  I  had  a  paper 
weight  before  me  for  years,  which  consisted  of  three  boiler 
plates  riveted  together  by  one  hand,  one  steam  and  one  hy¬ 
draulic  driven  rivet.  This  joint  was  split  in  two,  so  as  to  expose 
the  conditions  of  the  driven  rivets  and  their  fit  relatively  to  the 
hole.  The  hand  driven  rivet  was  tight  immediately  under  the 
head,  while  the  center  of  the  rivet  did  not  fill  the  hole  at  all. 
The  steam  driven  rivet  was  much  better  while  the  hydraulic 
rivet,  although  the  holes  did  not  match  fair,  showed  a  perfect 
fit  all  the  way  through,  so  much  so,  that  it  was  difficult  to  see 
the  parting  lines. 

In  the  manufacture  of  steel  cars  we  naturally  use  also 
hydraulic  presses,  but  of  moderate  capacities;  850  to  about 
1,200  pounds  is  sufficient  for  our  purposes.  But  I  understand, 
that  Bethlehem  has  a  forging  press  of  2,000  tons,  which  woidd 
make  about  4,000,000  pounds. 

Hydraulic  forging  presses,  upsetting  machines  and  other 
special  hydraulic  tools  are  now  indispensable  in  an  up-to-date 
forging  plant.  It  is  usually  wonderful,  how  cheaply  the  most 
intricate  shapes  now  can  be  made.  In  former  years  we  used 
straight  lines  all  the  way  through,  thinking  that  forging  could 
not  be  mad.e  in  any  other  way,  but  I  can  show  you  forms  made 
which  are  really  elegant  and  which  place  the  material  just 
where  it  is  wanted.  May  I  ask  Mr.  James,  what  stresses  are 
usually  allowed  in  cast  iron  pipes  of  such  a  power  trans¬ 
mission  ? 

Mr.  James — I  think  one  of  the  principal  reasons  for  using 
cast  iron  pipe  is  its  ability  to  resist  corrosion. 

The  pipes  were  six  inches  in  diameter,  but  I  do  not  think 
the  iron  had  over  20,000  lbs.  tensile  strength.  They  were 
made  exceptionally  heavy  to  allow  for  corrosion  and  filling  on 
the  inside,  without  interfering  with  the  service. 

These  plants  are  put  in  to  run  for  thirty  or  forty  years  and 
they  did  not  want  to  have  any  trouble  from  sources  of  this 
kind. 

They  made  quite  a  number  of  experiments  with  these 
pipes  to  ascertain  what  design  gave  the  best  results  and  found, 
that  when  the  flange  was  set  back  from  the  end  of  the  pipe 
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and  there  were  only  two  bolts,  gave  it  a  chance  to  bend  a  little. 
They  set  a  rubber  in  a  V  shape  inside,  so  it  could  come  and  go 
just  a  little  and  still  not  have  a  leak;  in  some  instances  these 
pipes  would  sag  considerably  before  they  gave  trouble.  Oc¬ 
casionally  in  winter,  the  pipe  line  would  open  up  due  to  freez¬ 
ing,  but  came  together  again  when  thawed  out  and  did  not 
give  any  trouble.  In  this  country  I  do  not  know  of  a  single 
pipe  line  being  run  in  that  way  with  just  two  bolts. 

Mr.  Flanagan — Will  Mr.  James  tell  us  how  they  charge 
the  air  chamber  in  a  high  pressure  elevator  system? 

Mr.  James — The  pump  is  connected  to  a  small  auxiliary 
tank.  Then  the  auxiliary  tank  is  connected  with  the  low 
pressure  system,  and  air  is  pumped  in  until  alll  the  water  is 
driven  out;  then  they  shut  it  up  tight  and  pump  air  in  the 
tank,  up  to  150  lbs.  or  whatever  the  air  pump  is  good  for; 
then  the  pump  is  cut  oft  and  the  tank  conected  with  the  air 
chamber  by  means  of  a  single  pipe. 

The  water  from  the  air  chamber  goes  over  to  this  aux¬ 
iliary  leak  and  drives  the  air  out  of  it  into  the  large  a-ir 
chamber. 

Mr.  Flanagan — Can  you  tell  us  something  about  water 
meters  ? 

Mr.  James — The  principal  difficulty  with  the  high  pressure 
meters  is  that  when  only  a  small  quantity  of  water  goes 
through  it  does  not  register. 

The  low  pressure  meters  simply  discharge  into  a  small 
tank  and  this  tank  is  discharged  automatically.  There  is  one 
point  I  would  like  to  bring  out  and  that  is  the  use  of  hydraulic 
pumps  in  Buenos  Ayres,  South  America.  The  city  level  is 
eight  or  ten  feet  below  the  sea  and  it  is  rather  difficult  to  get 
rid  of  the  sewerage.  They  have  built  a  number  of  sumpt  pits 
in  the  city  and  empty  them  with  hydraulic  pumps. 

Those  hydraulic  pumps  work  week  in  and  week  out  with¬ 
out  any  attention  and  but  little  oiling.  They  are  started  and 
stopped  automatically.  I11  these  power  stations,  previously 
described,  they  do  not  use  steam  pumps  at  all.  All  the  water 
is  pumped  with  hydraulic  actuated  pumps,  of  the  plunger  type. 
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Mr.  Fitts — What  would  be  an  average  economy  of  pumps, 
usually  used  in  hydraulic  practice,  in  buildings  here  in  the 
city? 

Mr.  James — Any  straight  line  motion  pump,  that  is  an  ordi¬ 
nary  compound,  simple  duplex  pump,  is  very  expensive  to 
operate,  because  you  have  got  to  admit  steam  throughout  the 
entire  stroke.  A  simple  pump  runs  something  like  eighty 
pounds  of  steam  per  horse  power  an  hour;  a  compound  pump 
will  cut  that  down  to  about  sixty.  I  know  of  some  tests  in 
New  York  City  where  triple  expansion  pumps  gave  very  good 
satisfaction,  they  cut  the  steam  consumption  down  to  thirty- 
five  pounds,  per  H.P.  an  hour.  This  refers  to  water,  and  horse 
power,  and  not  to  the  indicated  horse  power.  Small  power 
pumps  will  cut  the  water  consumption  down  to  about  twenty- 
five  pounds,  per  indicated  horse  power  per  hour.  It  is  only 
with  large  pumps  they  get  the  efficiency  spoken  of  in  mv 
paper. 

There  have  been  a  number  of  steam  engine  tests  recently 
which  indicate  that  there  is  not  an  appreciable  falling  off  in 
efficiency  at  light  loads,  but  I  have  not  been  able  to  find  any 
tests  of  pumps,  I  should  judge  though  that  what  would  hold 
good  on  steam  engines  would  likewise  applv  to  pumping 
engines. 

Mr.  Lane — I  ran  across  a  case  a  few  years  ago  which  shows 
in  a  crude  way  the  economies  gained  by  the  use  of  hydraulic 
riveting  machines  in  place  of  steam  riveters.  An  installation 
in  a  boiler  shop  consisted  of  three  vertical  boilers,  a  corliss 
engine  and  two  steam  riveters.  A  large  flanging  press  was 
put  m  the  shop,  with  the  Worthington  Compound  Duplex 
Pump,  to  supply  the  water,  and  the  steam  cylinders  were  re¬ 
moved  from  the  riveters  and  hydraulic  cylinders  put  on.  The 
result  was  a  sufficient  saving  in  steam  to  allow  one  of  the  three 
boiler  to  be  shut  down,  whereas,  three  boilers  had  had  dif¬ 
ficulty  to  furnish  sufficient  steam. 

'Chairman — Has  Mr.  James  any  account  of  the  proportion 
of  air  chambers,  or  spring  fingers,  that  are  used  in  the  lines 
he  spoke  of? 

Mr.  James — The  spring  plunger  for  relieving  the  pipes  of 
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shock,  seems  to  be  somewhat  of  an  American  conception.  I 
did  not  find  any  record  of  them  being  used  in  England.  It 
seems  the  demand  on  the  line  is  fairly  uniform,  and  I  do  not 
believe  it  has  been  necessary  to  use  these  refinements.  In  this 
country  we  use  those  small  spring  chambers,  that  I  showed  on 
the  dead  ends  of  the  line  or  where  the  line  terminates  abruptly. 
It  prevents  hammering,  due  to  sudden  stoppage  of  water.  I 
might  add,  also,  in  connection  with  pipe  work  that  all  the 
valves  and  fittings,  used  for  the  elevator  installation  in  the 
Metropolitan  Life  Insurance  Building,  in  New  York  City,  are 
of  cast  steel. 

Chairman — We  will  now  discuss  the  question  of  strength 
of  fiat  plates. 

Mr.  James — In  reference  to  the  flat  plates,  I  would  state  that 
in  my  thesis  at  the  University  of  Pennsylvania,  I  had  this 
subject  assigned  to  me,  and  I  found  that,  with  a  very  moderate 
pressure,  round  plates,  supported  at  the  edge,  were  dished  and 
retained  that  dish,  but  I  could  not  split  a  single  plate,  nor  did 
they  even  show  signs  of  failing;  with  any  pressure  the  appar¬ 
atus  could  apply.  Of  course,  with  the  thicker  plates,  no  re¬ 
sults  were  obtained. 

Chairman — Yes,  because  a  thick  plate  will  tend  to  break, 
whereas  a  thin  plate  will  merely  stretch  and  distortion  takes 
place. 

Mr.  Flanagan — I  think  the  interesting  feature  of  the  flat 

plates  is  for  somebody  to  tell  us,  about  cast  iron,  where  it  has 

been  used,  and  give  us  a  reliable  formula  for  the  strength  of 
it.  There  are  cases  where,  if  its  strength,  admitted  the  use  of 
it,  it  would  be  convenient  and  we  would  like  the  limit  of  safety, 
and  that  is  the  important  matter.  Some  of  the  engineers  say 
the  best  way  is  not  to  use  it  at  all,  but  this  is  merely  evading 
the  question.. 

Chairman — I  have  made  a  note  of  the  formula  I  use.  It 

is  a  sort  of  home-made  afifair,  but  it  gives  results  that  I  think 

are  safe. 

For  circular  plate  supported  at  edge  t=d  V  p 

10  s 

Square  plate  “  “  “  t=a  V  p 


and  for 
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For  S=I  usually  take  3.000  pounds  per  square  inch  for  cast 


iron 

t— thickness  of  plate  in  inches 
d=diameter  of  supporting  edge  in  inches 
a=side  of  square  of  supporting  edge  in  inches 
p=:pressure  per  sq.  inch  uniformly  distributed 
“Strength  of  cylinder  bottom "  formula  by  C.  Bach. 

1 


C  (  k  . 

=P  -j  U  —  H-  c 


For  Cast  Iron  u 

<(  (<  <(  r 


it 


a 
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r- 

— 0, 

.8 

.8 

u 

• 

c 

• 

J  i 


^  Sand  p 
f  same  nota- 


INI r.  Boltzell — Oct.  10th  and  31st,  1901,  there  were  pub¬ 
lished  in  the  “American  Machinist/'  several  papers  on  Hat 
plates,  by  Albert  J.  Guy,  and  they  were  treated  mathematical¬ 
ly. 

Mr.  Stuck: — In  figuring  flat  boiler  plates  held  by  stay 
bolts,  which  were  an  inch  apart  in  both  directions,  p  being 
the  pressure  in  pounds  per  sq.  inch,  uniformly  distributed 
all  over  the  plate  and  h  being  the  thickness  of  the  plate  in 
inches,  I  always  figured  the  stress  s  by  the  following  formula: 

_  2  a  ’  p 


This  is  in  accordance  with  well  known  Handbooks,  gotten 
up  by  the  German  Engineers'  Society  Hutter,  and  the  results 
have  always  been  very  satisfactory. 

Chairman — We  have  another  auestion  for  discussion :  Lo¬ 
cation  of  Neutral  Axles  on  Columns  and  Beams,  Subject  to 
Combined  Stresses. 

Mr.  Stucki — The  point  is:  Where  shall  we  put  the  neutral 
axis  so  as  to  get  the  same  stress,  in  the  compression,  as  well 
as  in  the  tension  member  of  the  beam,  which  is  subjected  to  a 
vertical  load  and  an  end  force  t*.  This  latter  force  being  an 
excentric  load  in  pounds,  and  the  cross  sectional  area  of  the 
beam  being  A  square  inches,  the  two  distances  from  the  ex- 
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treme  fibre  to  the  neutral  axis  e.  and  es,  are  as  follows,  refer¬ 
ence  being  had  to  the  sketch  below : 

1,  :  1  =  (s  -  -C)  :  (s  +  -r) 


f  t 


S  is  the  maximum  stress  to  be  allowed  in  the  metal.  This 
formula  holds  good  as  long  as  the  proportion  between  depth 
and  length  is  not  excessive.  I  had  more  reference  to  car  sills, 
than  anything  else.  I  also  took  it  for  granted,  that  we  deal 
with  a  steel  beam,  and  this  is  the  reason  why  the  tensile  and 
compression  stresses  are  more  alike.  If,  for  instance,  cast  iron 
were  to  be  considered,  the  relative  allowable  stresses  for  ten¬ 
sion  and  compression  are  different  and  the  formula  would 
have  to  be  altered  to  that  effect. 

Prof.  Kingsbury — The  question  really  involves  not  the 
determination  of  the  position  of  the  neutral  axis,  on  a  given 
section,  and  with  a  given  load— that  is  a  comparative  easy 
matter;  the  problem  is  rather  the  inverse  position;  to  make 
the  section  such  that  under  the  loading,  the  applied  stresses 
of  tension  and  compression  respectively,  on  the  outer  fibres, 
will  be  equal,  so  that  as  far  as  that  goes,  it  will  be  neutralized 
most  economically.  I  want  to  ask  Mr.  Stucki  if  this  question 
which  he  has  written,  represents  a  formula  for  the  location  of 
that  axis? 

Mr.  Stucki — I  may  repeat  that  this  holds  good  when  the 
columns  are  not  exceedingly  long,  but  when  you  come  to  a 
large  proportion  between  the  depths  and  length  it  would  not 
be  theoretically,  any  longer,  although  close  enough  for  all 
practical  purposes.  The  formula  is  so  exceedingly  simple,  that 
I  went  over  the  whole  matter  several  times,  before  I  was  con¬ 
vinced  of  its  correctness. 
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Mr.  Fitts — Does  not  the  neutral  axis  sometimes  come  out¬ 
side  the  member? 

Prof.  Kingsbury — It  does  sometimes  come  outside.  The 
determination  is  very  important  in  the  case  of  the  arch,  where 
it  is  necessary  that  there  should  be  only  compression  at  all 
points  of  the  suction,  that  the  joints  will  not  open. 
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Farmers  Bank  Building,  Pittsburg,  Pa.  (  Willis  Whited. 


L.  C.  DANIELS,  Engineer,  with 

Edw.  W.  Rieck  Co.,  Forbes  &  Stevenson  Sts.,  Pittsburg,  Pa. 


Samuel  Diescher, 
Samuel  E.  Diescher, 
C.  H.  Sample. 


CHARLES  L.  HEISLER,  Con.  Engineer  &  Pres. 

of  the  Heisler  Pumping  Engine  Co., 

714  Westinghouse  Bldg.,  Pittsburg,  Pa. 


'  W.  E.  Snyder, 

•  Will.  H.  Baltzell, 
.  Willis  Whited. 


(D.  L.  Mekeel, 

K.  B.  HUNGERFORD,  Mechanical  Engineer,  j  J.  L.  Klindworth, 

The  Wagner-Palinos  Mfg.  Co.,  Adams  St.,  Fairmount,  W.Va.;  (  M.  W.  Hall, 
h.,  711  Benoni  Ave.,  Fairmount,  W.  Ya. 


JOHN  L.  KNOWLES,  Chief  Engineer,  of 

Phipps  Power  Plant,  Cecil  A}'.  &  Duquesne  Way,  Pittsburg,  Pa.; 
h.,  1316  Fayette  St.,  Allegheny,  Pa. 

J.  RICHARD  KOMMER,  Superintendent,  of  the 

Bradley  Mfg.  Co.,  Alleghenj',  Pa.; 

h.,  74  McClintock  Ave.,  Allegheny,  Pa. 


M.  B.  Miller, 

G.  E.  Flanagan, 
Willis  Whited. 

Otto  Rothenstein, 

H.  C.  Cronemeyer, 
Samuel  Diescher. 


{Dan.  Carhart, 
R.  T.  Stewart, 
Willis  Whited. 


ALEXANDER  H.  NELSON,  Member  of  the  Firm, 

Nelson  &  Buchanan  Co.,  Designing  Eng.  &  Contractors, 
200  Uewis  Building,  Pittsburg,  Pa. 


Emil  Swensson, 
Chas.  Davis, 

A.  G.  Shaw. 


JAMES  A.  STEWART,  Engineer, 

Pittsburg  Office,  McClintock-Marshall  Construction  Co.; 
h..  464  Swissvale  Ave.,  Wilkinsburg,  Pa. 


A.  R.  Raymer, 

H.  H.  McClintic, 
Willis  Whited. 


(  E.  T.  Parker, 

KARL  HOFFMAN  BUTLER,  Draftsman,  for  Frank  Irwin, 

H.  C.  Evert  &  Co.,  Patent  Attorneys,  1  Thos.  A.  Colliso. 

305  Smithfield  St.,  Pittsburg,  Pa. 


Moved  and  seconded  that  the  Secretary  be  instructed  to 
cast  a  ballot  electing  these  gentlemen  to  membership.  Carried. 

President — The  next  thing  for  your  attention  is  the  pro¬ 
posed  change  in  the  by-laws  that  you  heard  submitted  at  the 
last  meeting. 
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Are  you  ready  for  the  question?  Question  submitted  and 
votes  were  33  ayes  and  23  nays,  and  the  ayes  being  less  than 
two-thirds  of  the  number  present,  the  motion  was  lost. 

President — We  will  now  have  the  pleasure  of  listening 
to  Mr.  Hazen  on  the  effects  of  the  Baltimore  fire. 
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THE  EFFECTS  OF  THE  BALTIMORE  FIRE. 

BY  MR.  W.  N.  HAZEN. 

The  ruins  resulting  from  the  great  Baltimore  tire  of  Feb. 
7th  and  8th  present  a  vast  field  of  study,  and  the  conclusions  to 
be  drawn  from  such  a  study  tend  to  confirm  our  present  idea 
of  fire  protection.  The  seven  fire  proofed'  buildings,  surrounded 
by  ruins,  and  appearing  from  a  little  distance  to  be  uninjured, 
stand  as  monuments  to  the  ingenuity  of  man. 

The  fire  started  at  10:48  A.  M.  Sunday.  Feb.  7,  and 
burned  fiercely  for  about  thirty  hours.  About  2,500  buildings 
were  destroyed,  spread  over  an  area  of  about  150  acres  or  70 
blocks.  Baltimore  and  Pratt  streets  are  the  principal  thorough¬ 
fares  east  and  west,  and  are  very  narrow  for  the  service  required 
of  them. 

The  large  majority  of  the  buildings  were  of  brick  and 
wood,  of  slow  burning  construction,  and  were  used  for  ware¬ 
houses,  wholesale  houses,  stores  and  office  buildings. 

The  fire  started  in  the  basement  of  the  Hurst  building, 
corner  of  Liberty  and  German  streets  and  Hopkins  Place.  In  a 
few  minutes  the  building  was  a  sheet  of  flames,  so  dense  that  eye 
witnesses  could  not  even  see  the  walls.  An  explosion  of  gun¬ 
powder,  stored  in  an  iron  box  on  the  pavement  on  Hopkins 
Place,  so  injured  the  buildings  in  the  vicinity  as  to  make  them  an 
easy  prey  to  the  advancing  flames.  Falling  walls  brought  with 
them  electric  wires,  one  of  which  striking  Fire  Chief  Horton 
rendered  him  senseless  for  several  hours,  thus  depriving  the  de¬ 
partment  of  his  valuable  services.  By  1 1 130  the  fire  was  eating 
its  way  along  the  main  artery  of  the  city,  Baltimore  street.  I 
wish  I  might  give  you  an  idea  of  the  fierceness  of  the  fire  at 
that  time.  The  flames  were  100  feet  wide  and  blown  nearly 
horizontal  for  400  feet  or  half  a  block.  The  wind  blew  a  gale 
from  the  south-west,  driving  the  flames  first  to  practically  Charles 
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and  Fayette  streets,  then  to  the  water,  taking  everything  in  its 
course  except  a  few  low  buildings.  • 


IIG.  I.  UNION  TRUST  BUILDING. 

The  Union  Trust  Bldg.,  Fig.  1,  was  the  first  of  the  modern 
fire-proof  buildings  attacked  by  the  flames.  At  this  time  the  build¬ 
ing  on  the  opposite  corner  caught  fire,  and  the  authorities  decided 
to  dynamite  it.  After  some  delay  it  was  done.  The  concussion 
broke  the  windows  of  the  Union  Trust  building,  leaving  it  at 
the  mercy  of  the  flames.  The  Union  Trust  is  shaped  like  the 
letter  L  above  the  first  floor,  with  a  stair  well  in  the  center  of 
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FIG.  2.  UNION  TRUST  BUILDING.  THIRD  FLOOR. 
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the  west  end.  The  open  hall  extends  around  this  on  three  sides, 
with  the  elevators  on  the  north  wall.  The  stringers,  risers  and 
railings  of  the  stairs  were  of  cast  iron.  The  treads  were  slate 
not  backed  up.  After  the  fire  all  but  the  top  flight  was  piled  in  a 
heap  in  the  basement.  One  of  the  first  story  columns  was  ex¬ 
posed  after  the  fire  and  shows  that  only  §"  of  terra  cotta  was 
used  on  this  side.  Many  similar  instances  were  noted  in  other 
buildings  in  like  condition.  The  halls  received  light  from  sash  in¬ 
serted  in  the  terra  cotta  partitions  between  halls  and  rooms,  thus  de¬ 
priving  these  partitions  of  the  quality  to  resist  the  spread  of  the 
flames.  The  terra  cotta  floor  arches  were  intact,  but  in  many  places 
the  bottom  web  or  flange  fell  with  the  plastering  as  shown  in  Fig.  2. 
Where  arches  were  parallel  with  supporting  beams,  the  bottom 
flanges  of  beams  were  protected  with  terra  cotta  held  in  place  by 
metal  clips.  In  many  such  cases  the  clips  gave  way,  leaving  the 
beam  flanges  exposed.  Except  in  such  cases  the  terra  cotta  has 
not  given  way  more  under  the  beam  flanges  than  elsewhere. 
The  only  parts  of  the  steel  frame  affected  are  the  lintels  and 
facia  beams  over  wide  windows  on  rear  of  building.  These 
beams  were  not  protected,  and  being  badly  warped  will  have  to 
be  replaced.  There  was  a  small  bar  room  in  the  basement,  which 
escaped  the  fire.  The  foundation  walls  formed  two  sides  and 
terra  cotta  partitions  the  other  two  sides  of  the  room ;  two  door¬ 
ways  being  the  only  openings.  In  the  sub-basement  is  the  power 
plant  furnishing  heat,  electricity  and  power  for  the  elevators, 
all  of  which  is  unharmed.  The  insurance  was  adjusted  on  the 
basis  that  all  above  foundations  except  steel  work  will  have  to 
be  replaced. 

The  Equitable  Building,  located  on  the  corner  of  Fayette 
and  Calvert  streets,  having  a  frontage  of  200  and  100  feet  re¬ 
spectively,  was  built  in  1891.  The  frame  work  consisted  of  cast 
iron  columns,  and  steel  beams  from  6J  to  8  feet  centers.  Thin 
terra  cotta  floor  arches  of  a  circular  type,  having  about  four 
inches  rise,  were  sprung  from  beam  to  beam.  A  rough  flooring 
of  2"  plank  was  laid  directly  on  the  top  flanges  of  beams,  and 
resting  on  the  top  of  terra  cotta  arch  at  center,  with  space  be¬ 
tween  the  tile  arch  and  flooring  left  open.  When  the  flooring 
gave  way,  safes  and  similar  masses  dropped  a  few  inches  be- 
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fore  striking  the  arches.  It  is  needless  to  say  that  nearly  all 
safes  were  found  in  the  basement.  The  partitions  were  of  lime 
of  teal,  or  a  species  of  plaster  of  Paris  blocks,  which  disintegrat¬ 
ed,  thus  proving  its  worthlessness  as  a  protection  against  fire. 


FIG.  3.  MARYLAND  TRUST  BUILDING. 

The  Maryland  Trust  Co.  Bldg.,  Fig.  3,  located  on  the  corner  of 
German  and  Calvert  streets,  is  a  ten-story  and  attic  building.  The 
walls  are  at  least  faced  with  granite  for  the  first  three  stories,  and 
above  this  the  brickwork  is  relieved  bv  highly  ornamental  terra 
•cotta  mouldings.  The  granite  spalled  badly,  and  the  terra  cotta 
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mouldings  above  arc  much  injured  in  appearance.  The  west 
side  wall  was  provided  with  tinned  shutters  over  all  windows. 
Fig.  4  shows  their  condition  after  the  fire.  Whether  they  fail- 


FIG.  4.  MARYLAND  TRUST  BUILDING.  PORTION  OF  REAR  WALL. 

ed  from  heat  from  without  or  from  within,  or  both,  is  a  question. 
Like  all  other  tinned  shutters  which  were  subjected  to  the  flames 
they  are  now  warped  and  empty  shells. 

The  B.  &  O.  building  was  of  the  older  type  of  construction, 
having  heavy  load  bearing  walls.  Figs.  5,  6  and  7,  show  the  con¬ 
dition  of  the  exterior. 

The  United  States  Fidelity  &  Guaranty  Co.,  Fig.  8,  occupied  an 
old  building  on  the  corner  of  German  and  South  streets.  Reinforced 
concrete  floors  were  placed  in  the  portion  of  the  building  shown 
standing,  by  the  Baltimore  Ferro-Concrete  Co.  The  brick  walls 
were  very  weak,  and  to  support  the  floors  reinforced  concrete 
columns  were  placed  against  the  w?alls.  The  stone  used  was  a 
broken  granite  from  local  quarries.  Certain  portions  of  the  top 
floor  between  girders  sound  dead  when  struck  with  a  hammer, 
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BALTIMORE  &  OHIO  BUILDING. 
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FIG.  6.  BALTIMORE  &  OHIO  BUILDING 
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BALTIMORE  &  OHIO  BUILDING. 
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FIG.  8.  U.  S.  FIDELITY  &  GUARANTY  CO/s  BUILDING. 

but  all  below  this  floor  is  solid  and  uninjured.  In  reference  to 
these  floors  I  have  taken  the  following  from  the  Manufacturers' 
Record  of  March  17,  ’04.  “Until  last  week  no  load  test  had  been 
applied  to  the  floors  of  the  annex  building,  although  their  sub¬ 
stantial  condition  was  evidenced  by  the  failure  of  the  wreckers  to 
bring  any  force  to  bear  on  it  sufficient  to  move  the  columns  or 
floors.  Last  Thursday,  the  load  test  was  made  under  the  super¬ 
vision  of  Captain  John  Stephen  Sewell,  of  the  United  States  En¬ 
gineering  Corps,  a  recognized  expert  on  reinforced  concrete.  At 
the  test  there  were  present  City  Engineer  Fendall,  Messrs.  Strauss 
and  Graham,  Baltimore  &  Ohio  engineers ;  Douglas  H.  Thomas, 
architect;  John  Waters,  builder;  Mr.  Adams,  engineer,  and 
others. 

“The  floor  test  was  made  on  the  second  floor,  where  400 
pounds  per  square  foot  was  placed  on  one  span,  in  the  form  of  pile 
of  bricks  there  feet  high  and  covering  a  space  20  x  1 1  feet.  The 
floors  were  designed  for  a  superimposed  load  of  150  pounds  per 
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square  foot.  Under  the  test  made  the  deflection  of  the  beam  was 
one-sixteenth  of  an  inch.  Additional  load  was  then  applied,  mak¬ 
ing-  the  total  about  400  pounds  to  the  square  foot,  with  practical¬ 
ly  no  change  in  results. 

Alex.  Brown  &  Sons'  building  was  not  seriously  injured  by 
the  fire,  on  account  of  its  being  a  low  structure.  The  skylignt 
was  the  principal  source  of  danger. 


FIG.  9.  SAFE  DEPOSIT  &  TRUST  BUILDING. 

The  Safe  Deposit  &  Trust  Co.’s  building,  Fig.  9,  was  hardly 
injured.  The  stone  work  on  the  face  is  of  Cheat  River  Sandstone, 
which  shows  the  effects  of  the  fire  only  at  the  corner  next  the 
Sun  office.  The  brick  along  the  north  side  is  spalled  and  the 
copper  gutter  at  cornice  is  being  repaired ;  all  showing  that  the 
heat  on  that  side  must  have  been  intense.  The  only  thing  that 
saved  the  interior  was  the  interior  shutters.  On  the  front  the 
interior  shutters  stopped  at  the  springing  line  of  the  arches  over  the 
windows,  and  above  this  sparks  entered,  setting  fire  to  a  desk  ;  but 
otherwise  the  fire  did  no  damage  to  the  interior. 
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The  electric  sub-station  had  no  wood  about  it  and  nothing 
but  electric  machines  in  it.  The  front  windows  are  of  wire 
glass  in  iron  frames,  and  were  uninjured  by  the  fire.  Although 
the  fire  went  all  around  this  building  I  do  not  think  it  a  fair  test 
of  wire  glass.  In  the  first  place,  it  was  on  the  side  of  the  build¬ 
ing  protected  from  the  wind ;  and,  furthermore,  the  heat  could 
not  have  been  very  intense,  as  the  granite  looked  as  though  it 
had  just  been  finished  and  the  brick  work  was  not  discolored. 
The  only  real  test  of  wire  glass  that  I  know  of  was  in  the  Mer¬ 
chants’  Bank  building,  located  on  the  south-east  corner  of  Water 
and  South  streets.  Two  small  windows,  about  16"  x  27"  each, 
are  located  on  the  south  side  of  the  building  about  16'  from  the 
west  corner,  and  just  above  the  roof  of  an  adjoining  low  bank 
building.  The  heat  was  so  intense  as  to  spall  the  granite  sill 
under  one  window  to  a  depth  of  about  Although  the  glass 
is  cracked,  it  is  all  there,  and  the  room  and  contents  unharmed. 

The  new  Custom  House,  Fig.  10,  was  practically  completed  to 
the  third  floor  so  far  as  wall  and  steel  work  was  concerned.  The 


FIG.  10.  BASEMENT,  NEW  CUSTOM  HOUSE  BUILDING. 


220  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

construction  is  of  heavy  side  walls  of  granite  lined  with  brick, 
and  with  steel  columns  and  beams  carrying  all  floor  loads.  Such 
planks  only  as  were  necessary  for  walks,  etc.,  were  used.  Only  a 
portion  of  this  wood  work  was  burned,  yet  in  many  places  the 
beams  are  warped  and  twisted,  and  many  interior  walls  show  verti¬ 
cal  cracks.  Such  walls  were  not  continuous  across  building.  The 
cracks  were  apparently  due  to  the  fact  that  the  walls  were  capable 
of  resisting  the  expansion  of  the  steel,  but  not  the  contraction.  A 
temporary  shed  was  constructed  in  the  basement,  housing  the  hoist¬ 
ing  engines,  and  in  its  construction  one  post  4"  x  8"  was  strutted  up 
under  a  steel  beam  of  the  first  floor.  On  the  first  floor  adjacent 
was  piled  cement.  The  beams  under  the  pile  of  cement  deflect¬ 
ed,  while  the  beam  over  the  wood  post  is  buckled  up.  The  enam¬ 
eled  brick  where  exposed  to  the  flames,  flaked  off,  and  gives  a 
dead  sound  when  struck  by  a  hammer,  while  the  common  red 
pressed  brick  beside  it  gives  a  clear,  solid  ring.  The  exterior 
granite  is  badly  spalled,  due  mostly  to  the  flames  from  adjoin¬ 
ing  buildings. 

The  old  United  States  Store  House  escaped  with  little  in¬ 
jury.  The  first  story  windows  are  protected  by  heavy  exterior 
iron  shutters.  The  interior  shutters  of  the  second  and  third 
stories  are  scorched,  but  the  exterior  glass  was  not  broken. 
Some  sparks  entered  through  the  skylight  and  slightly  damaged 
material  stored  on  the  third  floor. 

The  latest  of  the  sky-scrapers  in  point  of  construction  is  the 
Continental  Trust  Bldg.  We  should  therefore  expect  to  find  this  in 
better  condition  than  the  older  buildings.  Terra  cotta  was  used 
throughout  the  interior  for  fire-proofing.  The  partitions,  vaults 
and  column,  fire-proofing  were  of  5"  terra  cotta.  In  order  to 
produce  a  light  and  pleasing  effect,  a  light  gray  face  brick  was 
used.  It  appears  that  metal  clips  were  used  in  bonding  the  fac¬ 
ing  brick  to  the  main  wall. 

At  the  time  of  the  fire,  the  wind  was  blowing  from  the 
north-west,  and  the  heat  from  the  building  itself  affected  the 
east  wall  much  more  than  the  west.  The  result  was  that  the 
facing  brick  of  the  east  wall  scaled  off,  and  is  now  in  danger  of 
falling  off.  The  practice  of  borrowing  light  from  the  rooms  to 
light  the  halls  was  followed  here.  Most  of  the  rooms  were  pro- 
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vided  with  terra  cotta  vaults,  and  the  hall  partitions  formed  one 
side  of  these  vaults.  The  face  of  the  column  fire-proofing  lined 
up  with  the  hall  partitions.  Furthermore,  in  many  cases,  piping 
was  run  up  the  hall  side  of  the  columns,  cutting  down  the  thick¬ 
ness  of  terra  cotta  to  one  thickness,  or  §  of  an  inch.  Such  columns 
seem  to  be  uninjured,  although  often  exposed.  It  would  be  interest¬ 
ing  to  know  when  this  thin  column  covering  gave  way,  and  the 
present  condition  of  the  steel  at  these  points.  Many  of  the  vaults 
were  burned,  some  at  least  through  faulty  construction.  These 
vaults  were  provided  with  double  steel  interior  doors  and  single 
outside  doors,  all  attached  to  the  same  steel  plate  frame.  The  heat 
was  so  intense  that  few  of  the  outer  doors  could  be  opened, 
and  the  paint  on  inner  doors  was  blistered.  Brass  was 
melted,  and  glass  was  moulded  into  wavy  masses.  No  sign 
of  wood  is  visible,  not  even  cinders.  The  marble  wainscoting  in 
the  halls  is  reduced  to  a  granular  mass,  resembling  coarse  granu¬ 
lated  sugar.  The  marble  treads  of  the  stairs  are  either  destroyed 
or  badly  damaged.  The  steel  fascias  or  lintels  were  not  properly 
protected,  and  are  badly  warped,  but  otherwise  the  steel  work 
seems  to  be  in  good  condition.  The  cast  mullions  between  the 
steel  fascias  just  noted  are  all  bowed  out,  and  some  are  in  two 
pieces,  as  if  they  had  been  burned  in  two.  The  expansion  of  these 
muUions  undoubtedly  affected  the  facias,  and  just  the  amount 
of  damage  cannot  be  determined  until  the  floor  beams  are  ex¬ 
posed.  Such  partitions  as  were  built  of  terra  cotta  from  floor  to 
ceiling  remain  in  position,  but  are  warped.  The  cinder  concrete 
filling  is  lifeless  on  the  surface,  but  is  solid  a  little  beneath  the 
surface.  I  doubt  if  there  is  much  concrete  used  in  the  majority  of 
buildings  in  making  this  filling.  The  floor  arches  are  in  better 
condition  than  in  most  of  the  other  buildings,  but  the  proportional 
area  of  floor  arches  which  will  have  to  be  replaced,  is  very  un¬ 
certain. 

Throughout  the  office  buildings  were  partitions  of  woven 
wire  or  expanded  metal,  covered  with  lime  mortar.  The  lime 
calcine  and  the  metal  lies  on  the  floors  in  grotesque  shapes.  In 
the  basement  of  the  Calvert  building  was  stored  a  mass  of 
Mackite  blocks,  which  was  found  to  be  lifeless. 
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In  the  short  time  allowed,  I  have  considered  typical  condi¬ 
tions,  and  summarize  the  result  in  a  few  words  as  follows :  For 
the  fire  protection  of  steel,  the  first  requisite  is  conscientious 
workmanship.  Lime  or  its  products  have  proven  worthless.  All 
stone  in  bulk  spall  and  are  not  to  be  trusted.  Broken  stone  in  con¬ 
crete  does  not  act  the  same  as  in  a  solid  mass,  as  evidenced  by 
the  floors  of  the  United  States  Fidelity  &  Guaranty  Co.’s  build¬ 
ing*.  Concrete  stood  the  test  remarkably  well.  Terra  cotta 
should  be  heavier,  and  under  no  consideration  should  it  be  used 
in  single  thicknesses  of  f".  For  vaults  I  would  recommend  that 
a  rich  mixture  of  cement  and  sand  be  used  for  inside  and  outside, 
with  at  least  5"  terra  cotta  blocks  forming  the  core.  That  good, 
soft,  burned  brick  will  stand  fire  is  without  question.  Where  fac¬ 
ing  brick  is  used,  it  should  be  substantially  bonded  to  the  main 
wall,  preferably  with  brick.  Some  kind  of  shutters  should  be 
provided  for  all  exterior  windows,  and  so  constructed  as  to  stand 
considerable  heat  without  giving  way.  Wire  glass  offers  great 
resistance  to  fire,  as  it  is  held  in  position  after  it  cracks. 

In  the  designing  of  fire-proof  buildings,  due  consideration 
should  be  given  the  probable  surroundings  before  using  sky¬ 
lights.  All  exposed  windows  should  be  protected.  Elevator 
and  stair  wells  should  be  so  constructed  that  they  can  be  cut  off 
from  the  main  part  of  the  building. 

Stringent  laws  are  required  governing  the  class  of  buildings 
in  congested  localities  and  the  storage  of  combustibles.  With 
due  consideration  of  these  points,  it  seems  perfectly  feasible  to 
construct  buildings  proof  against  all  ordinary  conflagrations. 

DISCUSSION. 

President — Such  a  fire  as  has  been  described  is  the  crucial 
test  of  the  engineers’  and  architects’  skill,  and  we  shall  be  glad  to 
have  the  engineers  and  architects  give  us  a  full  discussion  of  the 
subject. 

Mr.  Sciiotte — The  first  question  which  I  think  we  ought  to 
try  to  answer,  and  gather  facts  from  which  to  answer,  is  how  far 
are  we  to  go  in  the  protection  of  fire-proof  building  ?  As  the  gentle¬ 
man  remarked  to-night,  some  cases  of  insurance  were  settled  on  the 
basis  that  everything  above  the  foundations  was  a  total  loss,  ex¬ 
cept  the  steel  frame-work.  Now,  from  the  engineering  point  of 
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view,  to  build  a  fire-proof  building,  to  protect  the  steel  frame¬ 
work  is  a  waste.  Then  the  question  naturally  arises,  what  con¬ 
ditions  are  we  to  assume  before  designing  fire-proof  protection? 
Are  we  to  assume  the  severest  conditions  that  we  know  of,  or 
are  we  just  to  take  ordinary  conditions  and  design  most  pro¬ 
tection  against  them?  I  don’t  care  to  enter  very  much  into- the 
behavior  of  the  various  systems,  because  I  might  lay  myself  open 
to  certain  ties,  as  I  am  connected  with  a  concrete  steel  fire-proof¬ 
ing  concern,  and,  of  course,  naturally,  I  think  that  it  is  the  best 
protection.  But  yet  I  believe  that  this  fire  has  taught  us  that  we 
ought  to  design  everything  in  connection  with  a  building 
in  such  a  way  that  it  will  not  only  withstand  fire,  that 
is  the  destructive  action  of  fire,  as  all  protection  does, 
or  the  steel  and  frame-work  which  it  protects,  but  we 
ought  to  design  and  put  in  fire-proofing  which  will  withstand 
shocks  from  buildings  which  are  not  so  fire-proof  as  the  partic¬ 
ular  one  we  have  in  mind.  The  next  lesson  to  be  derived  is,  that 
our  building  laws  ought  to  be  so  changed  that  in  certain  districts, 
especially  in  business  districts,  no  combustible  buildings  should 
be  allowed.  That  is  all  I  have  to  say. 

Mr.  Swensson — Having  spent  a  week  of  observation  and 
study  in  Baltimore,  about  a  month  after  the  great  fire,  most  all  the 
points,  to  which  attention  is  called  in  Mr.  Hazen's  admirable  pa¬ 
per,  came  under  my  observation,  and  similar  conclusions  and  de¬ 
ductions,  as  to  fire  protection  and  fire-proofing  of.  buildings  in  large 
•  cities,  forced  themselves  on  the  technical  observer. 

However,  being  bent  on  a  study  of  comparison  and  verifica¬ 
tion,  of  observations  and  conclusions  drawn  from  other  serious 
fires  in  fireproof  buildings,  some  additional  points  were  noticed, 
especially  in  regard  to  the  effect  on  the  steel  work  in  such  build¬ 
ings  ;  effects,  which  are  not  noticeable  at  first  glance  and  under 
the  cover  of  the  still  attached  but  ruined  fire-proofing. 

The  first  exhaustive  technical  investigation  and  report  of  the 
effects  from  a  serious  fire,  on  a  large  steel  skeleton  fire-proofed 
building,  was  made  by  three  members  of  this  Society  in  1897,  on 
the  Horne  building  in  this  city,  for  the  fire  underwriters,  and 
published  in  the  “Insurance  World,”  and  in  1898  republished  in 
pamphlet  form  by  “The  British  Fire  Prevention  Committee”  of 
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London.  This  fire,  being  in  a  retail  dry  goods  house,  or  depart¬ 
ment  store,  was  a$,  fierce  and  intense  as  in  the  office  buildings  in 
Baltimore,  and  the  effects  on  the  steel  work  and  fire-proof  mate¬ 
rials  as  great.  My  observations  showed  conditions  to  be  identical, 
fire-proofing  being  largely  totally -ruined  and  the  steel  work  badly 
warped,  but  not  ruined  as  a  material.  Thus  mostly  all  fire-proof¬ 
ing  in  the  Baltimore  skyscrapers  will  have  to  come  down,  a  good 
deal  of  the  steel  work  must  be  taken  down  and  straightened,  and 
some  has  to  be  replaced,  not  because  it  is  ruined,  having  lost  none 
of  its  original  qualities,  but  because  it  will  be  too  costly  to 
straighten. 

The  report  on  the  Horne  building  draws  a  few  conclusions, 
which  seem  to  fit  equally  well  for  the  Baltimore  buildings ;  it  says 
as  follows : 

1.  “In  buildings  of  about  this  height  the  distortion  of  the 
steel  framework  due  to  the  heat  of  the  fire  cannot  in  any  instance 
be  sufficient  to  work  any  serious  damage;  nor  is  it  probable  that 
at  any  time  would  connection  rivets  be  sheared  off.  This  con¬ 
clusion  is  arrived  at  for  the  reason  that  there  is  no  probability 
that  any  future  fire  will  be  fiercer  than  the  one  at  issue.” 

2.  ''The  method  of  fastening  fire-proofing  to  the  underside 
of  beams  with  sheet  iron  strips  should  be  discarded.” 

3.  “It  cannot  be  too  often  reiterated  that  open  front  build¬ 
ings  like  this  should  be  protected  from  external  fires  by  metal 
shutters,  .and  also  that  all  shafts  should  be  provided  with  metal 
doors  which  can  be  readily  closed  at  all  floors.” 

4.  '‘The  most  important  lesson  taught  by  this  fire  was  the 
lack  of  strength  developed  by  the  fire-clay  fire-proofing.  The 
building  was  permitted  to  move  in  any  direction  without  any  ma¬ 
terial  restrictions  by  the  fire-proofing.  The  floor  arches  showed 
by  the  scaling  off  of  the  lower  webs  that  they  were  unable  to  offer 
any  sufficient  force  to  counteract  the  tendency  to  lateral  motion.” 

5.  “The  column  protection,  although  composed  of  the  very 
best  obtainable  kind  of  fire-clay  tile,  was  also  not  of  sufficient 
strength.” 

“In  our  opinion  it  would  have  been  necessary  to  dismantle  the 
whole  steel  frame  work  had  this  structure  been  fourteen  or  fifteen 
stories  high.  The  leaning  at  that  height  at  the  same  proportion 
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as  developed,  would  have  entailed  the  necessity  of  taking  the  whole 
structure  down.” 

“Owing  to  the  fact  that  steel  columns  or  girders  or  beams  af¬ 
ter  being  subjected  to  a  long-continued  fire  will  assume  the  same 
temperature  as  fire-proofing,  and  owing  to  the  fact,  furthermore, 
that  the  rate  of  expansion  of  the  steel  is  much  greater  than  that 
of  the  fire-clay  tile,  destructive  movements  are  permitted  which, 
as  shown  in  this  experience,  will  result  in  considerable  damage, 
and  which  damage  will  increase  in  direct  proportion  to  the  height 
of  the  building.” 

“In  view  of  these  important  developments,  it  is  our  opinion 
that  important  structures  of  this  class  should  have  a  radically  dif¬ 
ferent  method  of  fire-proofing.  The  fire-proofing  should  be  in 
itself  strong  and  able  to  resist  severe  shocks,  and  should,  if  possi¬ 
ble,  be  able  to  prevent  the  expansion  of  the  steel  work.” 

“There  seems  to  be  but  one  material  which  is  known  that 
could  be  utilized  to  accomplish  these  results,  and  that  is  first-class 
concrete.  The  fire-resisting  qualities  of  properly  made  concrete 
has  been  amply  proven  to  be  equal  to,  if  not  better  than,  fire-clay 
tile,  as  shown  by  the  series  of  tests  carried  on  by  the  building  de¬ 
partment  of  the  city  of  New  York.” 

“From  the  experience  gained  in  street  railway  construction 
in  laying*  continuous  rails,  it  is  to  a  large  degree  possible  to  pre¬ 
vent' the  metal  from  expanding.  In  street  railway  work  this  has 
been  accomplished  merely  by  the  adhesion  of  the  pavement  to  the 
side  of  the  rails.  In  building  construction  the  same  results  could 
be  obtained  by  encasing  the  columns  and  girders  with  concrete 
placed  directly  against  the  steel  work.  The  adhesion  of  the  con¬ 
crete  would  to  a  large  degree  prevent  unequal  expansion  of  the 
concrete  and  steel.  The  floor  arches  should  also  be  constructed 
of  concrete,  but  of  sufficient  depth  to  be  able  to  resist  lateral  forces. 
With  the  prevention  of  injurious  expansion  and  the  protection  of 
columns  with  materials  that  can  stand  severe  shocks  of  any  nature 
whatever,  the  modern  steel  frame  constructed  building  would  be 
more  thoroughly  protected  against  fire.” 

All  of  the  above  could  just  as  well  have  been  written  of  the 
Baltimore  steel  skeleton  buildings,  destroyed  in  the  fire  of  1904. 
It  will  likely  be  found  in  Baltimore,  also,  that  after  taking  down 
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the  fire-proofing,  much  more  steel  has  to  be  taken  down  than  at 
first  anticipated,  inasmuch  as  the  fire-proofing  used  does  not  pro¬ 
tect  the  steel  sufficiently  to  prevent  it  warping.  In  my  judgment 
this  is  not  a  case  of  quality  of  the  fire -proofing  as  much  as  it  is  a 
case  of  quality  and  method  of  construction  of  the  tile  and  its  ap¬ 
plication  to  the  steel  in  the  building. 

The  author,  expecting  to-  find  the  newest  building,  or  latest  in 
point  of  construction,  in  better  condition  than  the  older  buildings, 
loses  sight  of  the  fact  that  this  is  an  age,  and  this  a  country,  par 
excellence,  in  which  economical  measures,  in  point  of  construction, 
are  constantly  expected  and  adopted,  until  we  often  reach  the  limit 
before  we  are  aware  of  it.  We  all  know  that  clay  and  clay  ma¬ 
terials  are  one  of  the  best  refractory  substances,  but  it  cannot  and 
should  not  be  in  very  thin  sheets  or  layers,  to  best  withstand  fire. 
In  the  early  days  of  skyscraper  construction,  the  tile  used  had 
webs  of  a  thickness  better  calculated  to  resist  fire  than  those  of  the 
present  day.  This  reduction  in  thickness  is  due  to-  efforts  to  de¬ 
crease  the  weight  of  fire-proofing,  and  in  consequence,  the  steel, 
required  to-  carry  same ;  all  in  the  line  of  economy,  resulting  in 
less  fire-resisting  qualities  in  the  latest  construction  than  in  the 
older  skyscrapers.  This  is,  to  my  mind,  the  most  serious  criticism 
against  tile  fire -proofing,  but  this  reduction  of  thickness  and  weight 
seems  to  be  necessary  to  compete  with  the  various  forms  of  rein¬ 
forced  concrete  fire-proofing. 

Wherever  reinforced  concrete  had  been  used  for  floor  arches 
and  slabs,  in  the  Baltimore  buildings,  the  result  showed  its  supe¬ 
riority  over  tile  construction,  if  not  over  brick  arch  construction. 

Old  buildings,  in  which  concrete  construction  had  been  used 
in  converting  the  lower  floor  to  bank  rooms,  were  totally  destroyed 
above  this  floor,  the  first  floor  remaining  practically  in  its  original 
condition. 

Brick  arches  in  floor  construction  also  stood  the  fire  and  pro¬ 
tected  the  steel  work  from  warping,  the  same  as  concrete  construc¬ 
tion ;  however,  judging  also  from  brickwork  in  walls,  the  old- 
fashioned  mud-brick,  of  fine  ground  clay,  proved  much  superior 
to-  the  new  styles  of  bricks,  such  as  shale-bricks,  etc. 

Notwithstanding  above  facts  were  readily  noticed  by  the  im¬ 
partial  observer,  we  are  surprised  to  read  the  contradictory  opin- 
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ions  expressed  in  both  the  technical  and  daily  papers,  as  to  the 
superior  fire-proofing  qualities  of  present  day  thin-vveb  tiling. 

I  fully  believe  that  fire-proof  buildings  can  be  constructed 
with  either  mud-brick,  clay-tiling  and  concrete  for  fire-proofing 
material,  but  such  material  must  be  put  on  in  sufficient  thickness 
to  properly  protect  the  steel,  and  such  severe  economy  must  not  In- 
practiced,  as  it  is  possible  to  do  with  tiling,  but  not  with  brick  and 
concrete.  That  metal  window  frames  and  sash,  wire  glass  or  steel 
shutters  will  protect  the  building  from  outside  attack  is  proven 
bv  the  electric  power  building  on  the  alley,  at  the  point  where  the 
fire  first  started!  tile  or  mosaic  flooring,  metal  doors  and  furnish¬ 
ings,  and  lastly  metal  furniture  will  protect  the  inside. 

A  very  good  and  efficient  protection  against  outside  attack  is 
the  automatic  sprinkler  system,  as  proven  by  the  O’Neil  dry  goods 
store  on  Charles  street.  This  store  is  housed  in  a  couple  of  old- 
time  ordinary  brick  buildings,  remodeled,  for  store  purposes.  These 
buildings  are  fitted  up  with  such  sprinklers,  and  when  the  fire 
reached  this  store  the  sprinklers  were  put  into  action  by  the  heat 
and  the  continuous  sheet,  or  wall  of  water,  thus  produced,  afforded 
ample  protection,  the  store  being  untouched  by  the  fire,  and  its 
business  was  not  interrupted  at  all. 

Mr.  Tonnele — Mr.  Shotte  made  a  remaik  I  would  like  to- 
have  him  explain.  He  said  it  seems  hardly  worth  while  to  pro¬ 
tect  the  iron  work  and  steel  work.  I  don’t  know  just  what  he 
meant  by  that.  One  more  point :  Will  clay  around  the  steel  pro¬ 
tect  it  from  the  heat  sufficiently  so  that  it  won’t  heat  up  enough 
to  lose  its  temper,  that  is  to  be  weakened  in  the  structure  ? 

Mr.  Schotte — In  answer  to  Mr.  Tonnele’s  first  question. 
If  we  apply  fire-proofing  at  all,  we  should  buy  such  fire-proofing 
that  will  in  itself  withstand  a  fire  sufficiently,  so  that  we  are  not 
obliged  to  take  it  down  after  the  fire  has  swept  around  it. 

The  old  style  tile,  terra  cotta  and  lumber,  which  you  prob¬ 
ably  all  know,  was  made  by  mixing  a  certain  amount  of  saw-dust 
in  the  clay,  and  burned  all  the  saw-dust  of  it,  was  very  elastic. 
In  fact  if  you  took  a  slab  you  could  bend  it  perceptibly  before  it 
would  crack,  and  I  have  seen  slabs  of  that  material  heated  to  an 
extensively  high  temperature  and  then  thrown  into  a  bucket  of 
water  and  in  quite  a  number  of  cases  it  did  not  crack,  whereas- 
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I  have  never  seen  a  piece  of  hard-burned  clay,  I  mean  floor  tile, 
which  did  not  crack  when  heated  and  thrown  into  water.  So 
any  material,  I  believe,  which  is  used  for  fire-proofing  purposes 
must  have  this  quality;  must  be  elastic  and  must  be  able  to  with¬ 
stand  some  quick  expansion  and  contraction  which  is  caused  by 
fire  heating  it  up  and  water  being  thrown  upon  it.  All  concretes 
possess  that  to  a  greater  degree  than  the  hard-burned  clays. 
Some  concretes  possess  that  to  a  very  remarkable  degree. 

There  is  another  point  I  wish  to  call  attention  to,  something 
I  learned  down  in  Baltimore ;  and  that  is  that  most  of  these  large 
sky-scrapers  were  completely  destroyed  within  15  to  20  minutes 
from  the  time  the  fire  took  hold  of  the  combustible  parts,  until 
the  building  was  entirely  cleaned  out;  and  the  fire  was  so  fierce 
there,  that  hardly  any,  if  any,  water  ever  got  near  any  of  the 
burning  offices.  It  was  heat,  remember,  and  that  simply  did  the 
damage.  No  water  came  near  it.  People  could  not  get  near  it. 
Not  only  .was  the  temperature  so  great,  but  the  air  current  was 
so  great  that  some  people  told  me  down  there  that  they  had  heard 
of  people,  and  one  man  told  me  himself,  that  he  had  actually  to 
crawl  out  of  the  way  and  hold  to  the  railings  around  areas  on 
buildings  and  steps,  there  was  such  a  current.  On  the  other 
hand,  the  Safe  Deposit  &  Trust  Co.’s  building  had  quarter-inch 
inside  steel  shutters.  I  suppose  the  building  is  about  80  feet 
square,  or  something  like  that,  one  room,  a  bank  building.  The 
watchman  stayed  quite  a  little  while  in  the  opposite  end  of  the 
building  at  the  time  of  the  fire  attacking  the  front  end,  until  he 
got  out. 

Mr.  Swensson — It  is  rather  interesting  to  know,  when  con¬ 
sidering  the  effect  of  the  fire  on  fire-proofing  material,  that  most 
of  the  skyscrapers  in  the  Baltimore  fire  were  never  touched  by 
water  at  all,  as  the  heat  was  so  fierce  that  man  could  not  get  near 
enough  to-  apply  water.  Some  of  these  buildings  were  completely 
burned  out  and  gutted  in  20  minutes  after  the  windows  were 
broken  and  the  flames  had  entered.  Not  only  was  the  tempera¬ 
ture  extremely  high,  even  a  square  or  two  away  from  the  flames, 
but  the  air  current  was  so  strong  that  people  could  not  walk  or 
keep  on  their  feet  in  the  neighborhood  of  the  fire;  they  had  to 
crawl  along  the  buildings,  holding  on  to  'railings  on  steps  and 
around  area  ways,  to  get  away  from  the  heat  and  air  currents. 


DISCUSSION. 


229 


Although  the  heat  was  so, great,  a  building  can  l>e  properly 
protected,  as  shown  by  the  Brown  Brothers  &  Co.  Bank,  Safe  De-. 
posit  and  Trust  Co.  building  and  others ;  the  latter  is  a  building 
about  80  feet  square,  of  one  banking  room  only,  under  one-span 
roof,  and  thus  rather  high  for  one  story,  built  of  good  bricks,  with 
front  stone- trimmed,  inside  plate  steel  shutters  and  double  well 
separated  skylight  roof.  The  building  is  located  in  the  center  of 
the  path  of  the  fire,  and  although  the  stone  in  trimming  had  melted 
and  spawled,  the  brickwork  was  uninjured;  the  windows  broken, 
but  the  interior  decoration  protected,  and  only  slightly  smoked, 
bv  the  steel  shutters  and  double  skylight. 

President — That  question  in  regard  to  the  injury  of  the 
steel,  I  believe,  was  asked.  The  second  question  of  Mr.  Tonnele’s 
is:  “Would  the  steel  lose  its  temper?”  The  steel  would  not  lose 
its  temper  until  it  would  be  heated  above  the  regulessence 
point,  and  at  that  temperature  it  would  buckle  and  the  building 
would  collapse,  and  that  would  not  be  until  it  got  to  be  a  dull 
red.  It  doesn’t  lose  any  of  its  strength  at  all.  In  fact  it  would 
buckle,  if  there  were  any  weight  on  it,  before  anything  else  would 
happen.  When  it  was  at  that  temperature  it  would  be  in  its 
weakest  condition. 

Mr.  J.  A.  Shinn — In  the  report  on  the  Baltimore  fire,  made 
by  Ca'pt.  John  S.  Sewall,  corps  engineers,  U.  S.  A.,  the  use  of  ash 
concrete  for  fire-proofing  is  approved.  I  have  made  a  number  of 
investigations  of  this  subject,  among  them  being  one  occupying 
about  six  months  of  time,  in  1886,  for  the  purpose  of  ascertaining 
the  economic  value  of  the  boiler  ashes  made  by  the  New  York 
Steam  Company;  and  another,  in  1897,  occupying  seven  months’ 
time,  in  an  investigation  of,  experiments  with,  and  report  upon 
the  domestic  ashes  of  New  York  city,  with  particular  relation  to 
their  quantitative  composition  and  the  purposes  to  which  the  sev¬ 
eral  parts  were  adapted  to  secure  the  greatest  consumption  with 
the  best  economic  and  financial  results. 

The  latter  investigation  was  under  the  direction  of  Col. 
George  E.  Waring,  Jr.,  Commissioner  of  the  Department  of  Street 
Cleaning  of  New  York  City.* 

*Annual  Report  of  Col.  George  E.  Waring,  Commissioner  of  Street 
Cleaning  Department,  New  York  City,  for  the  year  1897. 
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These  investigations  demonstrated  that  in  considering  the 
use  of  ashes  for  mortar  and  concrete,  account  must  be  taken  of  the 
kind  of  coal  from  which  the  ashes  are  produced,  whether  bitumin¬ 
ous  or  anthracite;  whether  produced  by  low  combustion  (domes¬ 
tic)  or  high  combustion  (manufacturing),  and  of  the  several  parts 
of  each,  fine  ashes,  clinker,  coke  and  unburned  coal. 

Domestic  bituminous  ashes  contain  a  maximum  proportion  of 
coal  and  coke,  and  a  minimum  of  clinker,  the  latter  being  the  only 
constituent  of  value  in  the  production  of  a  good  concrete. 

The  fine  ash  of  bituminous  coal  is  absolutely  worthless  in 
combination  with  lime  for  mortar,  and  positvely  injurious  in  ce¬ 
ment  concrete  in  proportion  to  its  relative  volume.  The  coke, 
whether  of  domestic  or  manufacturing  product,  is  too  light,  porous 
and  friable  to  produce  a  good  concrete,  and  such  ashes  are  fit  only 
for  such  work  as  cellar  floors.  Unburned  bituminous  coal  is  posi¬ 
tively  injurious  in  either  lime  or  cement  mortar;  the  oil  and  tar 
being  developed  by  the  lime. 

Fine  anthracite  ash  of  domestic  production,  when  mixed  with 
lime  in  the  proportion  of  90  parts  ash  to  10  of  lime,  gave  tensile 
strength  of  60  pounds  per  square  inch,  as  soft  mortar,  and  120 
pounds  as  stiff  mortar  (Beton),  at  28  days,  but  is  injurious  in  ce¬ 
ment  mortar. 

On  the  contrary,  the  fine  anthracite  ash  from  boiler  furnace 
is  valueless  in  combination  with  lime,  but  is  not  objectionable  in 
cement  concrete  in  the  proportions  usually  found  in  such  ashes. 
Unburned  anthracite  coal,  while  not  being  a  desirable  constituent 
of  concrete,  is  not  injurious  if  in  reasonably  small  proportion,  say 
10  per  cent,  or  less. 

My  conclusions  are  that  bituminous  ashes  are  unfit  for  con¬ 
crete  where  either  strength  or  fire-proof  qualities  are  desired,  but 
that  anthracite  boiler  ashes  may  be  used  for  fire-proof  floors  if 
care  is  taken  to  procure  those  free  from  an  excessive  proportion  of 
fine  ash  and  coal. 

Mr.  Saml.  Diescher — Mr*  President,  the  appearance  of  the 
figures  we  see  here,  suggest  the  idea  that  the  materials  used  for  the 
protection  of  steel,  as  well  as  for  the  ornamentation  of  fronts,  is 
not  fit  for  the  purpose  under  present  conditions.  The  fires  we 
have  noticed  are  so  intense  that  these  materials  can't  resist  the 
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expansion  and  subsequent  contraction,  or  quick  cooling ;  the  ma¬ 
terials  peel  off.  We  see  from  that  picture  that  where  the  front 
is  built  of  granite,  or  is  built  of  terra  cotta,  or  of  sandstone,  or 
of  any  other  material  such  as  pressed  brick,  etc.,  it  goes  to  pieces, — 
it  cracks.  This  suggests  to  me  that  the  material  of  the  future  will 
be  concrete,  that  is,  cement.  It  will  lead  to  this,  it  seems  to  me. 
and  blocks  of  cement  probably  will  be  used  instead  of  blocks  of 
stone.  If,  for  instance,  the  people  who  build  the  houses  in  Balti¬ 
more — they  will  surely  rebuild  them,  and  the  question  will  arise, 
what  material  should  they  use.  Now  all  that  granite  has  to  be 
taken  down.  It  is  unfit  for  further  use.  They  have  to  put  in 
new  granite  or  some  new  material.  Now  would  it  not  be  better 
to  use  cement  blocks,  and  if  the  fire  occurs  again,  they  can 
simply  put  cement  on  and  restore  those  floors  again  as  they  were 
before.  The  new  faces  are  put  on  over  the  centers,  but  must 
stand  just  as  well  as  the  old  cement.  Another  consolation  that  I 
draw  from  the  appearance  and  experience  is  that  the  envelopes 
of  the  steel  constructed  are  entirely  too  thin ;  they  would  have 
to  be  made  so  thick  that  they  would  afford  much  better  protec¬ 
tion  to  the  steel.  The  heat  would  not  damage  them  so  fast  as 
it  does  now.  As  the  gentleman  here  showed  that  case  where  the 
column  got  so  hot  that  the  abuttments  on  the  ceiling  gave  way ; 
we  have  to  draw  from  this  experience  that  there  must  be  more 
material  put  in  front  of  these  columns  to  protect  them,  and  it 
seems  to  me  that  there  cement  will  have  to  be  used,  or  some¬ 
thing  else  will  have  to  be  found ;  for  instance,  furnace  slag.  I 
don’t  know  how  that  would  behave ;  I  am  not  a  chemist ;  I  don't 
know  how  that  would  work ;  but  whether  it  would  not  stand  fire 
better  than  the  modern  materials,  I  don't  know.  .  The  stones 
won't  answer ;  we  see  them  go  to  pieces,  and  some  stones  par¬ 
ticularly  are  easy ;  for  instance,  limestone  is  of  no  consequence 
whatever. 

Mr.  Swensson — Questions,  in  regard  to  the  effect  of  such 
fires  on  steel  as  a  material,  have  been  asked,  and  our  President  has 
well  answered  same,  and  in  addition,  please  note  the  following 
from  Report  on  the  Horne  building : 

‘‘To  determine  to  what  extent  the  steel  had  been  injured  by 
the  fire  and  what  beams  could  be  safely  straightened,  three  very 
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badly  twisted  beams  were  selected  and  test  pieces  were  cut  out  as 
close  to  the  bend  as  could  be  gotten.  It  was  surmised  by  your 
Board  of  Engineers  that  the  fire  had  not  damaged  the  steel,  that 
the  store  would  simply  act  as  an  annealing  furnace,  and  that  the 
material  would  be  improved  rather  than  injured.  The  results  of 
the  tests  justified  the  opinion  of  the  Board.  Regardless  of  how 
badly  bent  the  sections  were,  the  material  was  in  no  case  injured.” 
Results  are  given  in  the  following  table : 
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From  the  above  tabulated  results  of  26  tests,  the  conclusion 
is  evident  that  no  injury  whatsoever  to  the  steel,  as  a  material,  is 
caused  by  such  fires  as  at  Baltimore ;  it  has  rather  been  made 
more  ductile  by  the  annealing  it  has  received. 

Mr.  Aiken — I  didn’t  notice  anything  beyond  that  which 
was  touched  upon  to-night,  except  the  one  thing  that  Worthing¬ 
ton  said  he  noticed.  I  had  seen  the  Chicago  fire  and  the  Boston 
fire,  and  I  was  impressed  with  the  fact  that  both  of  these  fires, 
although  they  were  considered  pretty  hot,  had  a  great  many 
black  ruins ;  and  I  was  impressed  with  the  white  appearance  of 
the  Baltimore  fire,  showing  that  the  heat  was  greater  than  any¬ 
thing  I  had  ever  seen  before. 

Mr.  Ellis — There  is  a  question  in  relation  to  the  shutters 
I  would  like  to  ask.  Mr.  Swensson,  I  think,  mentioned  that  in  one 
of  the  buildings  there  the  one-fourth  inch  shutters  on  the  inside 
seemed  to  be  a  protection.  Mr.  Hazen  drew  our  attention  to 
one  picture  there  in  which  he  said  the  shutters  had  fallen.  Now 
what  I  would  like  to  know  is,  whether  the  so-called  fire-shutters 
we  are  compelled  to  put  on  buildings  now  are  any  good  ? 

Mr.  Swensson — The  fire-shutters,  to  which  the  author  called 
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attention,  were  the  Standard  Underwriters'  tire-shutters,  pre¬ 
scribed  by  law,  but  in  this  fire  the  heat  was  so  great,  unusually  so, 
that  the  wood  simply  burned  out  of  the  tin  ;  so  that,  although  these 
fire-shutters  may  be  of  some  use  in  ordinary  fires,  they  were  of 
very  little  use  in  this  case.  The  shutters,  mentioned  as  being  on 
the  inside  of  the  windows  on  the  Safe  Deposit  and  Trust  Co. 
building,  w  ere  solid  steel  plates,  and  protected  the  interior  of  this 
building  effectually.  The  paint  w’as  burned  off  the  outside  of 
them,  after  the  window  glass  had  broken,  the  inside  paint  was 
badly  blistered  and  some  of  the  shutters  had  to  be  taken  down  and 
sent  to  the  shop  for  straightening  and  flattening,  but  that  not¬ 
withstanding  they  had  done  their  work  of  protection. 

Mr.  Ellis — Then  can  you  consider  that  that  fire  was  too 
much  of  a  test  for  everyday  practice,  or  can  you  say  that  this  fire 
proved  that  shutters  were  of  no  use? 

Mr.  Swensson — I  agree  with  Mr.  Aiken,  who  has  already 

indicated  that  this  fire  wTas  no  ordinarv  fire;  that  it  w*as  too  hot. 

•/ 

But  fires  of  such  high  temperatures,  even  if  not  so  extensive,  I 
believe  will  be  more  common  than  formerly,  owing  to  our  changed 
conditions  of  housing  many  offices,  people  and  their  belongings  in 
one  building ;  greater  amount  of  goods  in  one  store,  use  of  more 
inflamable  goods,  etc.,  from  which  it  can  readily  be  concluded 
that  such  sheet-iron-lined  w’ooden  shutters  are  less  of  a  protec¬ 
tion  than  formerly. 

Mr.  Worthington — There  is  one  other  point  about  those 
shutters;  the  Union  Trust,  the  Herald,  the  B.  &  O.,  and  the 
Equitable  buildings,  all  had  fire-shutters  on  one  side ;  but  the 
fire  did  not  strike  the  building  on  that  side  and  it  is  pretty  hard 
to  say  just  how-  much  protection  the  shutters  afforded  because 
the  buildings  took  fire  on  the  sides  unprotected  by  the  shutters. 
They  all  seemed  to  be  the  accepted  type  of  fire-shutters,  a  wooden 
body  covered  with  sheet  metal  on  all  sides,  but  there  was  not 
much  left  of  them. 

Mr.  Swensson — Are  you  not  mistaken  about  all  the  build¬ 
ings?  My  recollection  is  that  there  was  one  of  the  buildings  which 
had  such  shutters  directly  in  the  line  of  the  fire.  But  it  makes  lit¬ 
tle  difference  on  which  side  the  shutters  were  attacked  bv  thi< 
fire,  because  from  all  accounts  the  heat  both  outside  and  inside  of 
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these  buildings  was  high  enough  to  burn  out  the  wood  in  these 
fire-shutters ;  it  was  one  gigantic  furnace  of  flames  sweeping 
through,  around  and  over  the  large  buildings,  by  the  time  the  fire 
reached  them. 

Mr.  Worthington — On  two  sides  only;  the  front  and  one 
side  of  this  building,  the  Maryland  Trust,  I  refer  to,  were  ex¬ 
posed  to  the  brunt  of  flames  raging  just  across  a  narrow  street 
with  the  wind  blowing  directly  towards  this  side,  which  had 
wide  windows  with  very  ornamental  terra  cotta  trimmings ;  this 
terra  cotta  was  altogether  destroyed. 

Mr.  James — It  seems  to  me  there  is  one  point  that  has 
been  lost  sight  of  in  the  discussion,  and  that  is  the  weight  of  the 
material  which  goes  into  the  building.  Now  if  we  were  to  con¬ 
sider  the  steel  frame  of  the  building  to  be  designed  and  to  con¬ 
sider  fire-proofing  that  steel  frame  with  a  layer  of  concrete,  I 
think  it  will  appeal  to  everyone  immediately  that  the  weight  of 
that  concrete  must  be  considerably  greater  than  the  weight  of  a 
coating,  of  say,  4"  terra  cotta.  It  might  be  that  your  fire-proof¬ 
ing  would  weigh  double,  if  it  is  a  sufficient  thickness  of  con¬ 
crete  to  be  put  on,  what  the  fire-proofing  of  to-day  weighs. 
That  would  be  a  very  great  factor  to  take  into  consideration  in 
designing  your  steel  work.  Further,  the  matter  of  attaching 
fire-proofing  by  sheet  iron  clips,  I  believe,  is  almost  entirely  over¬ 
come.  There  is  a  detail  which  is  familiar  to  everybody,  I  think, 
who  is  familiar  with  construction  for  covering  the  under-side  of 
beams,  which  obviates  the  use  of  clips.  As  to  the  use  of  the 
concrete  steel  building,  I  don’t  think  the  construction  has  ad¬ 
vanced  to  the  point,  at  this  time,  where  it  is  possible  to  build 
buildings  24  stories  high.  I  believe  the  highest  building  of  that 
kind  is  a  16-story  building  in  Cincinnati.  And  I  think  that, 
furthermore,  the  fact  that  in  cases,  where  only  §"  of  terra  cotta 
was  over  the  steel  wrork,  and  the  steel  work  shows,  on  the  first 
inspection,  no  serious  detriment  owing  to  the  fire,  in  those  places 
it  is  a  remarkable  testamentary  in  favor  of  terra  cotta  fire-proof¬ 
ing.  I  do  not  mean  to  uphold  terra  cotta  fire-proofing  against 
the  ideas  of  later  concrete,  and  yet  if  it  had  not  been  for  terra 
cotta  fire-proofing,  those  buildings  would  have  been  nowhere 
to-dav.  The  steel  frames  would  have  crumbled  and  fallen.  And 
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take  any  building :  There  is  no  test  in  Baltimore,  that  I  saw,  of 
the  building  of  iire-proofing  of  anything  but  terra  cotta  to  with¬ 
stand  the  burning  of  very  poorly  constructed  buildings,  adjacent 
to  them,  and  that  is  something  which  possibly  has  not  been  de¬ 
termined  by  the  Baltimore  fire.  There  are  a  few  buildings  in  the 
country. — I  know  of  one  in  Cleveland, — in  which  the  columns  are 
encased  in  concrete  entirely,  which  seems  to  me  a  very  ideal  con¬ 
struction,  but  I  don't  know  that  any  such  building  as  that  has 
ever  been  subjected  to  such  an  intense  fire  as  that  of  Baltimore. 

Mr.  Schotte — I  presume  the  last  speaker  refers  to  holding 
the  tile  on  the  end  of  the  beam  with  abridgements  of  the  other 
tiles.  Well,  I  saw  some  of  that  in  Baltimore  that  had  that  con¬ 
struction  in  it.  The  result  was  that  some  of  it  held  and  some 
of  it  didn’t.  Those  little  abridgements  warmed  up  and  the 
end  part  peeled  off.  It  was  not  as  much  as  in  the  concrete  con¬ 
struction  by  any  means ;  but  yet  it  was  not  perfect.  I  would 
throw  out  a  suggestion  in  regard  to  the  weight  question,  whether 
it  would  not  be  better  to  double  the  thickness  in  the  webs — 
whether  that  would  not  give  better  results.  You  would  have  the 
internal  strains  in  the  corners  like  you  have  now.  Get  the  webs 
a  little  thicker,  and  perhaps  the  whole  block.  Mr.  Chairman,  I 
can  answer  the  question  before  Mr.  James’  last  one  in  regard  to 
the  possible  increase  in  weight.  Companies  have  used  fire-proof¬ 
ing  beams  instead  of  terra  cotta.  By  using  that  in  between  the 
terra  cotta  construction,  the  spacing  between  the  different  beams 
does  not  exceed  very  much  a  span  of  six  feet.  In  most  cases  of 
very  large  buildings  that  have  come  under  me,  I  can  say  thatq'  6" 
to  5'  is  the  span  mostly  used,  and  the  average  thickness  of  flush¬ 
ing  tile  is  about  8  and  10  inches,  very  seldom  12  inches,  except 
for  warehouse  purposes.  And  in  a  tile  construction,  the  tile 
weighed  from  40  to  60  pounds  per  square  foot.  On  the  concrete, 
as  put  in  fire-proof  buildings,  it  weighs  about  anywhere  from 
80  to  120  pounds  per  cubic  foot,  and  as  a  4"  slab  of  re-inforced 
concrete  can  be  safely  thrown  over  a  span  of  about  12  feet  for 
the  ordinary  office  building  floor  loads,  you  can  readily  see  where 
the  advantage  lies ;  because  you  can  use  less  iron.  For  instance, 
instead  of  using  say  12"  beams  you  can  use  two  50"  beams, 
which  decreases  the  load,  and  also  the  4"  slab,  even  though  you 
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increase  the  protection  around  the  beams  to  6  or  8",  the  saving 
in  dead  weight  to  the  whole  building  is  over  25$  on  the  average. 
As  to  casing  the  steel  columns  so  as  to  protect  them  thoroughly,  I 
can’t,  unfortunately,  cite  you  an  instance  just  now  where  a  build¬ 
ing  was  tested  by  fire.  I  can  tell  you  an  instance,  though,  a  very 
striking  instance,  of  a  building  up  in  Syracuse.  I  was  very  high¬ 
ly  amused  last  summer  by  receiving  a  letter  from  an  Insurance 
Company  which  told  us  that  a  certain  fire-proof  building  which 
we  had  constructed  about  a  year  before  had  burned  down.  We 
were  still  more  amused  when  they  asked  us  to  quote  on  rebuild¬ 
ing  that  same  building.  We  investigated  the  conditions  and 
found  that  this  building  was  a  one-story  building  with  wooden 
posts,  one-story  posts  about  10  x  10,  and  I  think  the  building  was 
about  60  feet  wide  and  the  roof  was  just  a  slippy  pitch  roof  with 
beams  thrown  across  from  column  to  column  and  the  roof  raft¬ 
ers  were  about  7^  feet  apart.  The  building  was  designed  by  a 
Syracuse  architect.  The  design  was  not  at  all  ours  and  we  were 
simply  asked  to  fire-proof  according  to  his  designs.  And  we 
surrounded  all  the  wood-work  and  posts  and  the  studs  on  the 
outside  of  the  building  with  metallic  lathe  and  plaster,  with  about 
|  to  i|  inches  of  cement,  one  part  cement  to  2\  parts  of  sand. 
This  building  was  used  as  a  storage  building  for  oils  and  fats 
and  tallows  used  in  the  manufacture  of  candles.  There  was 
quite  a  number  of  windows  in  the  building.  This  building  had 
caught  fire  and  the  contents  burned  fiercely  all  night,  at  least  15 
hours.  It  burned  at  least  12  hours  before  the  roof  collapsed, 
showing  that  those  wooden  columns  were  thoroughly  protected 
that  it  took  them  that  long  before  they  were  injured  to  such  an 
extent  that  they  were  not  able  to  carry  the  roof,  which  was  con¬ 
crete  slabs  covered  with  tar  paper.  The  heat  was  so  intense, 
because  there  were  at  least  60  barrels  of  fats,  etc.,  and  the  whole 
building  was  greasy  that  it  melted  the  copper  fixtures 
on  that  building,  melted  together  the  protection  of  concrete 
and  cement  and  water  in  two  places.  We  have 
several  specimens  of  this  at  our  office.  So  if  an  ordinary  i£" 
protection  of  concrete  can  do  that  for  a  wooden  column  for  such 
a  length  of  time,  there  being  no  possible  chance  of  the  fire  bri¬ 
gade  quenching  the  fire,  it  is  very  easy  to  protect  steel  columns 
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with  concrete.  Of  course  you  have  to  make  it  of  a  certain  thick 
ness,  and  my  opinion  is  that  you  ought  to  leave  an  air  space  be- 
tween  the  column  and  the  steel  work. 

If  there  is  no  further  business,  a  motion  to  adjourn  will  be 
in  order.  Motion  made  and  carried  at  10:45  o’clock. 

C.  W.  Ridinger, 

Secretary. 
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TOPICAL  DISCUSSION  ON  FORMS  AND  RELATIVE 
ADVANTAGES  OF  TEETH  IN  GEARS.* 

Mr.  Samuel  Diescher — There  are  chiefly  two  curves  used 
in  designing  the  shape  of  gear  teeth,  namely,  the  cycloid  and  the 
involute.  Their  uses  for  this  purpose  dates  back  to  the  first  quar¬ 
ter  of  the  last  century.  Teeth  shaped  according  to  cycloidal  curves 
are  best  for  wear,  but  unless  the  pitch  circles  of  a  pair  of  wheels 
so  designed  meet  exactly,  the  teeth  will  chafe  each  other  until 
the)'  create  their  own  shape.  The  advantage  of  cycloidal  teeth 
over  involutes  lies  in  this,  that  in  the  former  concave  and  con¬ 
vex  surfaces  come  in  contact  which  affords  a  larger  area  of  con¬ 
tact  upon  which  to  distribute  the  pressure  than  with  involute 
teeth  in  which  all  surfaces  are  convex,  and  for  this  reason,  the 
pressure  is  confined  to  a  mere  line  of  contact,  and  consequently 
much  more  subject  to  abrasion,  than  if  the  pressure  were  more 
distributed.  However,  the  involutes  too  have  an  advantage  over 
the  cvcloidals,  namely,  that  in  this  form  of  teeth  the  pitch  circles 
of  a  pair  of  wheels  may  be  apart  or  overlap  and  yet  not  affect 
the  good  working  of  the  wheels. 

In  well  designed  wheels  the  angular  velocity  must  be  uni¬ 
form  throughout  the  whole  devolution  of  each  pair  of  wheels. 
The  teeth  shall  be  of  proper  strength  at  the  root,  and  they  shall 
run  without  much  noise. 

Cycloidal  Teeth.  The  curves  for  these  teeth  are  described 
by  rolling  a  circle  once  on  the  convex  and  once  on  the  concave 
side  of  the  pitch  circle.  The  curve  thus  produced  on  the  con¬ 
vex  side  of  the  pitch  circle  forms  the  portion  of  the  tooth,  pro¬ 
jecting  from  the  pitch  circle  outward,  and  is  called  “Ephicy- 
cloid,”  whereas  the  curve  produced  inside  of  the  pitch  circle 
forms  the  lower  portion  of  the  tooth,  and  is  called  “Hypocycloid.” 
The  circles  employed  in  developing  these  curves  are  called  the 
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rolling-  circles.  The  diameter  of  the  rolling  circle  is  of  great  in¬ 
fluence  upon  the  shape  and  strength  of  the  tooth  it  produces. 
The  smaller  the  diameter  of  the  rolling  circle,  in  proportion  to 
the  pitch  circle,  the  thicker  will  be  the  tooth  at  its  foot,  which 
means  also  greater  transverse  strength,  and  vice  versa,  the  larger 
the  rolling  circle,  the  narrower  and  weaker  will  be  the  foot  of  the 
tooth.  But,  wherever  practicable,  large  rolling  circles  should  be 
chosen  because  gears  so  designed  have  more  teeth  in  simultaneous 
mesh,  run  more  quietly,  and  the  line  of  pressure  in  the  middle  po¬ 
sition  of  two  teeth  in  touch  is  nearer  to  a  tangent,  at  that  point, 
than  with  a  rolling  circle  of  small  diameter.  The  larger  circle 
that  may  be  used  is  one  whose  diameter  is  equal  to  the  radius  of 
the  wheel,  for  in  this  instance  the  profile  of  the  part  of  the  tooth 
between  the  pitch  circle  and  the  foot  circle,  becomes  a  straight  line, 
running  radially  from  pitch  line  to  the  center  of  the  wheel,  and 
if  the  rolling  circle  were  made  still  larger,  then  that  part  of  the 
tooth  would  be  hollowed  out  and  thereby  weakened.  In  wheels 
that  have  little  power  to  transmit,  and  especially  if  they  run  fast, 
the  diameter  of  the  rolling  circle  may  be  anything  less  than  the 
radius  of  the  pitch  circle,  but  when  the  capacity  to  transmit  power 
is  the  essential  requirement,  then  the  diameter  of  the  rolling  circle 
shall  be  selected  with  due  regard  to  strength,  first  and  secondarily  • 
to  quiet  running.  If  a  pair  of  wheels  are  of  considerably  different 
diameters,  it  is  advisable  to  use  rolling  circles  whose  diameters 
are  about  in  proportion  to  those  of  the  wheels.  However,  this 
may  be  done  only  with  wheels  for  some  special  machine,  for 
neither  of  such  wheels  would  work  satisfactorily  with  one  of 
same  pitch,  but  designed  with  the  aid  of  some  other  rolling  circle. 
Thus,  for  illustration :  Shops  that  follow  the  manufacture  of 
wheels,  as  their  specialty,  make  all  teeth  according  to  a  standard 
rolling  circle,  whose  radius  is  either  a  certain  fixed  fraction  or 
multiple  of  the  pitch,  or  equal  the  pitch.  Gears  so  designed  will 
work  together  no  matter  from  what  part  of  the  world  they  come. 

Gears  with  few  teeth,  for  instance  nine,  must  be  designed 
with  a  small  circle,  otherwise  the  foot  of  the  tooth  will  be  so  nar¬ 
row  as  to  impair  its  strength.  Professor  Reulaux,  who  is  a  rec¬ 
ognized  authority  on  gearing,  recommends  seven-eighths  of  the 
pitch  as  radius  of  the  rolling  circles,  and  this  ratio  is  adopted  by 
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many  mechanical  engineers  and  also  by  specialists  in  the  manu¬ 
facture  of  gears. 

Fig.  1,  of  the  present  drawings,  shows  a  pair  of  wheels  of 
respectively  30  and  60  inches  diameter  and  5-inch  pitch.  The 
teeth  are  cycloidal,  but  made  by  two  different  rolling  circles  whose 
radii  are,  with  reference  to  the  diameters  of  the  pitch  circles,  5  and 
10  inches,  or  one  is  equal  the  pitch,  and  the  other  is  twice  the 
pitch.  In  using  different  rolling  circles,  they  are  employed  in 
this  manner,  that  the  larger  one  describes  the  foot  portion  of  the 
flank  of  the  large  wheel,  and  the  upper  portion  of  the  flank  of.  the 
small  wheel,  and  conversely  the  small  circle  describes  the  foot  por¬ 
tion  of  the  tooth  of  the  small  wheel  and  the  top  portion  of  the 
tooth  of  the  large  wheel. 

By  examining  this  pair  of  wheels  we  notice  first  of  all,  that 
there  are  three  pairs  of  teeth  in  mesh. 

Fig.  2  represents  the  same  pair  of  wheels,  as  far  as  diameters  • 
of  pitch  circles  and  the  pitch  are  concerned,  but  the  teeth  of  both 
wheels  were  produced  with  one  and  the  same  rolling  circle.  Com¬ 
paring  these  two  pairs  of  wheels  we  find  that  in  the  second  pair 
there  is  only  one  pair  of  teeth  in  mesh,  although  the  pitch  and 
diameters  are  the  same  as  in  Fig.  1.  This  demonstrates  the  in¬ 
fluence  the  diameter  cf  rolling  circle  has  upon  the  shape  as  well 
as  on  the  other  properties  of  teeth.  The  wheels  having  three 
pairs  of  teeth  in  mesh  must  run  smoother,  hence  with  less  noise 
and  less  wear  than  those  with  only  one  pair  of  teeth  in  mesh. 

Fig.  3  shows  thfee  teeth  on  a  30-inch  diameter  wheel.  Each 
tooth  is  of  a  different  pitch,  namely,  3J,  4  and  5  inches  respectively. 
The  rolling  circle  in  each  case  have  radii  equal  the  pitch.  In  ex¬ 
amining  these  teeth  as  to  their  individual  transverse  strength,  we 
find  that  the  4-inch  pitch  tooth  is  equal  in  strength  to  the  5-inch 
pitch  tooth.  At  first  glance  this  looks  odd,  but  is  quite  natural, 
for  the  coarser  the  pitch,  the  fewer  teeth  are  in  a  circumference, 
the  more  will  they  taper  from  the  pitch  circle  toward  the  foot  cir¬ 
cle,  subject  to  the  same  rule  as  stones  in  an  arch,  the  broader  the 
stone  on  top,  the  greater  is  the  angle  of  taper,  and  with  the  coarse¬ 
ness  of  the  pitch  grows  also  the  height  of  the  tooth.  The  trans¬ 
verse  strength  of  a  tooth  grows  with  the  square  of  its  thickness 
at  the  foot  and  inversely  with  its  height,  or  bending  moment.  For 
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this  reason  if  in  any  particular  instance  the  wheel  diameter  is  given 
and  a  tooth  is  to  be  determined  on,  that  gives  the  greatest  strength 
with  the  greater  number  of  teeth  in  the  wheel,  it  will  be  necessary 
to  try  and  figure,  and  not  to  rely  upon  the  thickness  of  the  tooth 
in  the  pitch  lines  for  that  is  deceiving. 

Fig.  4  represents  a  pair  of  wheels  with  involute  teeth.  The 
wheel  diameters  are  both  30  inches  and  the  pitch  is  4  inches.  The 
angle  of  the  tangent  of  the  developing  circle  is  15  degrees.  This 
angle  is  almost  universally  adopted  as  the  standard  tangent  angle 
for  developing  circles,  and  it  has  precisely  the  same  influence  upon 
the  harmonious  working  of  involute  teeth  as  the  rolling  circle  in 
relation  to  cycloidal  teeth.  By  examining  these  teeth  we  find 
here,  too,  that  only  one  pair  of  teeth  is  in  mesh.  Of  course,  there 
are  positions  of  the  wheels  in  which  two  pairs  will  mesh,  but  only 
for  a  short  interval.  However,  for  comparison,  we  must  note 
that  all  of  the  wheels  here  shown  are  represented  as  standing  in  a 
middle  position,  that  is,  a  line  drawn  through  the  two  wheel  cen¬ 
ters,  passes  also  through  the  point  of  contact  between  one  pair  of 
teeth.  As  to  the  comparative  transverse  strength  of  cycloidal 
and  involute  teeth  of  same  pitch,  4"  in  wheels  of  same  diameter, 
30",  we  find  by  a  calculation  that  the  strength  of  the  cycloidal 
tooth  is  to  that  of  the  involute  tooth  as  2.36  is  to  1.5. 

There  are  occasions  when  wheels  of  especial  strength  of 
teeth  are  required,  for  instance,  in  rolling  mill  gearing,  particu¬ 
larly  in  mill  pinions.  The  latter  are  usually  designed  with  very 
coarse  pitch  with  the  aim  of  insuring  great  strength.  For  the 
reason  of  heavy  wear  in  the  bearings  and  journals  of  mill  pinions 
and  the  contingent  parting  of  the  pitch  circles  from  each  other, 
the  involute  teeth  are  more  satisfactory  than  those  of  cycloidal 
form,  but  in  order  to  impart  to  those  teeth  greater  strength  than 
standard  teeth  would  have,  the  angle  of  the  tangent  to  the  develop¬ 
ing  circle  is  made  greater  than  15  degrees.  Thus  in  some  of  the 
large  plants  about  this  city,  an  angle  of  22J  degrees  is  adopted  as 
the  standard  for  mill  pinions,  and  at  the  Carnegie  Mills,  as  much 
as  28  degrees. 

In  Fig.  5  we  see  a  pair  of  30-inch  wheels  with  4-inch  pitch, 
and  22\  degrees  angle  of  tangent.  By  comparison  we  see  that 
these  teeth  are  much  stouter  than  the  same  teeth  at  a  15-degree 
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angle,  though  every  other  dimension  is  the  same  in  both  cases. 
We  find  also  that  here,  too,  only  one  pair  of  teeth  are  in  mesh. 
Furthermore,  we  find  that  in  Fig.  5  the  line  of  pressure  through 
the  point  of  contact  is  much  less  normal  to  the  line  drawn  through 
the  wheel  centers  than  in  Fig.  4,  and  therefore  a  greater  pressure 
is  exerted  toward  the  journals  and  bearings  than  in  the  former 
instance.  Concerning  the  strength  it  is  to  be  said,  that  according 
to  calculation,  the  strength  of  tooth  in  Fig.  4  is  to  that  in  Fig.  5, 
as  1.5  is  to  2.3,  or  the  tooth  in  Fig.  5  is  by  53  per  cent,  stronger 
than  that  in  Fig.  4. 

In  Fig.  6  we  see  6  involute  teeth  in  a  24-inch  diameter  wheel 
and  angle  of  tangent  is  22J  degrees.  These  teeth  are  of  different 
pitches,  namely,  3,  3.5,  4,  4.5,  4.71  and  5.8".  The  latter  pitch  cor¬ 
responds  with  13  teeth,  the  standard  number  adopted  for  all  mill 
pinions  in  one  of  our  largest  manufacturing  plants  in  Greater 
Pittsburgh,  whether  their  diameters  are  large  or  small.  It  is  diffi¬ 
cult  to  see  why  any  fixed  number  of  teeth  should  be  adopted  for 
all  sizes  of  wheels. 

The  pitch  4.71"  is  introduced  here  for  comparison  because  it 
gives  16  teeth  against  13  of  the  5.8"  pitch.  A  wheel  with  16  teeth 
runs  smoother  than  one  with  13  teeth.  The  strength  is  deter¬ 
mined  by  the  quotent  derived  by  dividing  the  square  of  the  thick¬ 
ness  of  foot  bv  the  height  of  the  tooth.  Accordingly  the  relative 
strength  of  these  teeth  are  as  follows : 

3"  pitch,  1.57;  3-5"  pitch,  1.50;  4"  pitch,  1.85;  4.5"  pitch,  1.80;  4.71" 
pitch,  2.0;  5.8"  pitch,  2.02.  Hence  4.5"  is  to  5.8"  as  1.8  to  2.0  and  4.71" 
is  to  5.8"  as  2.0  to  2.0. 

The  pitch  of  4.71"  gives  16  teeth  of  same  strength  as  the  teeth  of  5.8" 
pitch,  of  which  there  are  only  13  teeth  in  the  wheel  of  same  diameter  as 
that  of  16  teeth. 

Chairman — Gentlemen,  I  would  like  to  have  somebody  start 
and  say  something  in  favor  of  one  or  the  other  system,  so  that  we 
can  get  right  down  to  discussion.  What  is  here  seems  to  be 
cycloidal. 

i\  1 R.  Diescher — There  are  only  two  well  known  svstems  em- 
ployed  and  every  engineer  uses  both  systems,  according  to  the 
requirements  of  the  occasion. 

Chairman — Some  prefer  one  or  the  other  system.  I  know 
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there  are  a  great  many  people  who  have  very  decided  opinions 
about  cycloids  and  involutes,  and  I  would  like  to  hear  them. 

Mr.  Diescher — If  wheels  were  always  kept  in  such  ad- 
justment  that  any  wear  in  the  journal  bearings  would  not  alter 
the  distance  between  the  centers  of  the  shafts  of  a  pair  of  wheels 
in  mesh,  then  the  cycloid  tooth  would  be  preferable  to  the  in¬ 
volute  tooth,  because  it  has  the  characteristic  property  that  its 
shape  is  made  up  of  both  convex  and  concave  curves,  so  that 
when  two  such  teeth  mesh,  there  is  nearly  always  a  convex  curve 
in  touch  with  a  concave  one,  and  vice  versa,  owing  to  which  there 
the  area  of  contact  is  larger  than  with  the  involute  teeth  that  are 
made  up  entirely  of  convex  curves  and,  therefore,  afford  only 
very  small  areas /  of  contact. 

Mr.  Flanagan — I  would  like  to  ask  Mr.  Diescher,  referring 
to  that  figure  i  of  his,  that  shows  three  teeth  -in  mesh, — Do  these 
three  teeth  remain  in  mesh  in  all  the  different  positions  that  the 
wheels  assume  in  relation  to  each  other? 

Mr.  Diescher — It  seems  not,  but  it  is  already  a  decided 
advantage  to  have  two  pairs  of  teeth  in  mesh  instead  of  only 
one. 

Chairman — One  can  tell  quite  readily  from  the  drawing  of 
a  pair  of  gears,  how  many  teeth  will  be  in  mesh  at  one  time.  Take, 
for  instance,  the  cycloidal  gears.  On  the  line  of  centers  construct 
the  rolling  circles,  also  draw  the  addendum  circles,  indicating  the 
height  of  teeth  above  pitch  circle.  Then  the  axis  of  the  two  roll¬ 
ing  centers  intercepted  between  the  addendum  circles  show  the 
path  of  contact  of  the  teeth.  If  the  length  of  axis  slightly  exceeds 
the  pitch,  then  two  pairs  of  teeth  will  always  be  in  mesh,  and  if 
it  exceeds  two  times  the  pitch,  then  three  pairs  of  teeth  will  be  in 
mesh. 

For  involute  teeth,  the  procedure  is  similar.  In  this  case 
the  path  of  contact  is  the  length  of  the  line  of  obliquity  intercepted 
between  the  points,  then  the  addendum  circles  cut  the  line.  If 
this  exceeds  the  pitch,  then  two  pairs  of  teeth  are  in  mesh. 
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NOTES  AND  CONSTANTS  ON  SPRINGS.* 

Mr.  Stucki — The  following  remarks  are  intended  to  estab¬ 
lish  limits  and  constants  so  as  to  enable  the  designer  to  choose  such 
dimensions  which  are  most  advantageous  to  the  steel  manufac¬ 
turer,  the  spring  maker  and  the  user  as  well. 

HELICAL  SPRINGS. 

The  fundamental  formulas  are  well  known,  and  are  as  fol¬ 
lows  : 


16  r 

P=S  _d3 

( _  32  V  2  ^  rh  vpr2  r\y  64  p  r3  h 

1  -  X  d  X  gd*  °r  gd5 


The  load  “p”  is  in  direct  proportion  to  the  fibre  stress  “s.” 
The  maximum  load  corresponding  with  the  maximum  allowable 
fibre  stress  is  also  called  the  capacity  of  the  spring. 

The  load  is  also  in  direct  proportion  with  the  deflection  “f,” 
and  great  care  should  be  taken  that  the  maximum  load  corresponds 
with  the  maximum  deflection,  which  is  the  difference  between  the 
free  and  solid  height.  If  this  difference,  or  total  motion,  as  it 
may  be  called,  is  too  great,  the  spring  when  compressed  solid  will 
be  over  strained,  and  if  too  small,  the  real  strength  of  the  spring 
is  not  made  use  of,  which  is  equivalent  to  a  loss  in  material  pure 
and  simple. 

- —  % 

^Discussed  by  the  Mechanical.  Section,  April  5,  1904. 
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The  maximum  stress  “s”  should  be  taken  as  80,000  lbs.,  and 
the  stress  under  the  static  working  load  should  not  be  allowed  to 
run  up  over  fifty  thousand  pounds  per  square  inch. 

The  modulus  or  torsion  “G”  taken  as  12,600,000,  and  recom¬ 
mended  by  Air.  Cloud  (Trans.  A.  S.-M.  E.  V.  173),  has  given 
very  good  results,  and  springs  designed  in  this  way  have  been 
manufactured  a  good  many  years  without  any  complaint  from  the 
manufacturer's  side.  Neither  have  I  heard  of  any  serious  trouble 
in  service,  which  is  going  to  show  that  the  requirements  of  such 
a  design  can  be  met  successfully  by  the  open  hearth  product.  All 
the  car  springs  adopted  by  the  Master  Car  Builders’  Association 
are  based  on  this  figure. 

o 

Although  a  spring  maker  assured  me  that  a  bar  of  2"  diame¬ 
ter  could  be  hardened  without  the  slightest  difficulty — the  heaviest 
bar  used  in  railroad  service  up  to  date  is  if",  and  it  stands  to  rea¬ 
son  that  unless  the  designer  is  absolutely  compelled  to — the  di¬ 
ameter  of  the  bar  “d"  should  not  exceed  this  figure. 

The  minimum  radius  “r”  should  at  least  be  1 }"  X  die  di¬ 
ameter  of  bar  to  make  a  successful  winding  possible. 

The  length  of  the  bar  is  2  “  r  h  which  is  to  be  used  in  figur- 

ing  the- weight.  After  the  bar  is  tapered  the  length  is  i  of  a  turn 
or  -  r  h  greater  without  however  having  changed  the  volume 
any.  The  solid  height  being  “h”  the  free  height  naturally  is 
h  -|-  f. 

In  the  case  of  double  or  triple  coils,  it  is  essential  that  the 
different  coils  work  in  harmony  with  each  other — that  is  to  say. 
the  fibre  stresses  in  the  different  coils  should  be  alike  no  matter 
to  what  extent  the  spring  may  be  compressed.  All  should  be¬ 
come  solid  at  the  same  time,  at  which  moment  the  fibre  stress 
should  be  80,000  pounds,  and  in  order  to  obtain  such  a  result,  it 
is  absolutely  necessary  to  comply  with  the  two  following  con¬ 
ditions  : 

Large  diameter  :  small  diameter=large  radius  :  small  radius. 

Length  of  large  coil=length  of  small  coil. 

These  are  the  proportions  for  a  double  coil,  and  if  a  third 
one  is  used,  the  second  and  third  coil  as  a  pair  again  must  meet 
above  requirements. 


248  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


Generally  speaking  these  rules  may  be  expressed  as  follows : 

The  proportion  between  diameter  of  bar  and  radius  of  coil 
must  be  the  same  in  all  concentric  coils. 

The  length  of  bar  must  be  the  same  in  all  concentric  coils. 

It  is  of  course  understood  that  slight  variations  have  to  be 
allowed  so  as  to  be  able  to  specify  bars  of  such  dimensions  which 
are  easily  obtained  in  the  market. 

It  is  also  understood  that  under  certain  conditions  some  of 
the  coils  are  kept  out  of  action  until  the  spring  has  compressed 
a  certain  amount.  They  are  then  called  graduated  springs.  For 
instance,  under  some  stock  cars  springs  are  used,  the  outer  coils 
of  which  have  strength  enough  to  carry  the  cattle  and  to  provide 
for  an  easy  riding  motion,  but  when  the  car  on  its  return  trip  is 
loaded  with  pig  iron  or  other  heavy  material  to-  its  full  capacity, 
then  the  inner  coils  also  come  into  play.  In  springs  of  such  a 
nature,  no  harmonious  working  can  be  looked  for,  and  the  best 
we  can  do  is  to  see  that  the  maximum  fibre  stress  is  reached  in 
both  of  the  coils  at  the  same  moment. 

The  clearance  between  the  different  coils  is  usually  made 
1/16"  all  around.  This  has  proven  to  be  sufficient  to  compensate 
for  irregularities  in  the  different  coils. 


ELLYPTICAL  SPRINGS. 


The  theoretical  formulas — old  in  themselves — are  : 


The  load  “p”  is  proportional  to  the  fibre  stress  “s,”  also  to 
the  deflection  “f.”  The  load,  corresponding  to  the  maximum  al¬ 
lowable  fibre  stress,  is  called  the  capacity  of  the  spring. 

“L”  indicates  the  length  of  the  leaves  from  the  bands  to  the 
supports  under  load. 
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Some  writers  have  included  in  this  dimension  1/6  and  some¬ 
times  1/4  of  the  band.  However,  no  reason  for  such  an  action 
has  been  brought  forward  except  that  the  band  may  not  fit  tightly. 

There  are  other  disturbing  elements  in  an  ellyptical  spring 
which  cannot  be  well  defined  by  figures,  such  as  the  friction  be¬ 
tween  the  leaves,  the  stiffening  efifect  of  more  than  on  “full  length'" 
leaf,  and  the  variation  in  the  length  as  the  spring  deflects. 
Therefore,  the  question  of  what  is  the  correct  length,  depends  en¬ 
tirely  upon  circumstances.  “L"  as  above  given  is  more  correct 
than  if  a  fraction  of  the  band  would  be  included.  It  is  easier  ob¬ 
tained  and  has  held  out  admirably  well  in  practice. 

“E,”  the  modulus  of  elasticity,  is  governed  by  the  original 
condition  of  the  steel  and  the  manner  of  hardening  same.  25,- 
400,000  has  been  used  by  the  Railroad  Company  with  whom  I 
wras  connected  for  years,  and  it  in  connection  with  ‘T’  as  above, 
has  given  very  good  results. 

It  is,  of  course,  easy  enough  to  figure  on  a  higher  “E,"  and 
it  is  also  easy  enough  for  the  manufacturer  to  harden  the  steel 
accordingly,  but  this  point  should  be  carefully  watched  and  a 
proportionately  higher  grade  of  steel  must  be  used,  else  the  ma¬ 
terial  is  liable  to  break  under  severe  service. 

For  this  very  reason  we  should  design  the  springs  so  that 
open  hearth  steel  can  be  depended  on,  instead  of  being  compelled 
to  look  for  a  higher  and  more  expensive  grade  of  crucible  steel. 
By  doing  this,  the  consumer,  the  spring  maker,  as  wrcll  as  the  steel 
manufacturer,  will  be  benefited. 

Ordinarily  1  per  cent,  carbon  steel  with  an  elastic  limit  of 
about  80,000  lbs.  is  used.  By  hardening  the  material,  this  elastic 
limit  naturally  is  greatly  increased,  also  the  ultimate  strength. 
And  I  am  sure  that  some  of  our  friends  in  the  steel  business  can 
show  us  some  results  obtained  by  tests  in  this  direction. 

The  fibre  stress  “s”  as  a  maximum  should  not  exceed  100,- 
000  lbs.,  and  the  working  stress  under  statis  load  should  not  ex¬ 
ceed  65,000  lbs.,  if  there  is  room  enough  for  such  a  spring.  If 
higher  stresses  must  be  used,  the  grade  of  steel  must  be  closely 
watched. 

One  writer  used  different  stresses  in  different  thicknesses  of 
steel,  allowing  90,000  lbs.  for  steel  J"  thick,  and  75,000  lbs.  when 
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■J"  thick.  I  fail  to  see  the  reason  for  such  a  sliding  scale  as  there 
exists  no  difficulty  in  working  -J"  bars  properly  all  the  way 
through,  especially  if  rolled  at  the  proper  heat.  Slight  variations 
will,  of  course,  exist,  but  they  should  be  so  small,  so  as  to  be  neg¬ 
ligible  in  practice,  especially  since  there  are  so  many  other  fac¬ 
tors,  causing  variations  in  the  quality  of  the  material.  The 
stresses,  90,000,  as  well  as  75,000,  are  entirely  too  high.  65,000 
would  be  much  better,  so  that  the  material  can  be  obtained  from 
the  open  hearth  furnace.  There  are,  of  course,  exceptions  where 
higher  fibre  stresses  and  a  higher  grade  of  steel  will  have  to 
be  resorted  to. 

A  number  of  leaves  running  the  full  length  is  taken  as  1/4 
to  1/5  the  total  number  “n.”  The  rest  should  be  made  so  as  to 
terminate  in  equal  steps. 

The  load  deflection  and  thickness  of  leaves  being  in  straight 
proportion — charts  have  often  been  made  to  show  graphically  these 
relations,  also  tables  have  been  published  to  this  effect.  However, 
the  formulas  are  so  simple  that  accurate  figures  can  be  obtained 
very  quickly. 

The  thickness  of  the  leaves  “h”  as  a  rule  is  not  made  over 
9/16"  thick,  so  as  to  insure  an  equal  temper  all  the  way  through. 
Width  of  band  is  made  about  1/10  the  total  span  of  spring. 

In  the  Double  Ellyptical  Spring,  the  bands  should  be  made 
to  touch  at  the  moment  the  fibre  stress  reaches  the  maximum  al¬ 
lowed.  The  deflection  in  this  case  is  naturally  twice  as  great  as 
given  in  the  formula. 

G.  R.  Henderson  published  extensive  spring  tables,  and  Mr. 
Gaines  in  the  '‘American  Machinist”  of  July  20th,  1899,  published 
some  constants. 

Mr.  Metcalf — Mr.  President,  I  am  very  glad  to  learn  that 
they  have  gotten  the  right  way  at  last.  When  they  first  adopted 
the  round  bar,  the  Pennsylvania  Railroad  used  a  formula  which 
made  springs  about  33$  too  strong.  They  claimed  it  was  the  fault 
of  the  steel,  etc.,  as  they  worked  it  out  very  exactly ;  and  I  always 
had  a  profound  respect  for  formulas.  But  we  took  a  6  x  8  spring 
that  worked  too  strong.  In  the  first  place,  I  did  not  believe,  and  I 
do  not  believe  yet,  that  the  total  stress  in  a  spring  is  given  by  any 
formula,  because  if  you  figure  out  the  amount  of  stress  that  is 
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given,  assuming  that  that  is  all  compressed  by  the  torsional  strain, 
it  means  a  stress  which  I  think  is  not  possible.  That  first  aroused 
my  doubts.  So  we  put  the  spring  in  the  testing  machine,  cleaned 
the  bearing  plates  nicely  and  marked  the  ends  of  the  spring  on  the 
plates  and  closed  it  down,  supposing  that  the  ends  might  slide 
around  and  relieve  the  strain  in  that  way ;  but  they  didn’t  move. 
That  didn't  explain  it.  Then  we  laid  the  spring  up  again  and 
marked  the  exact  diameter  of  the  spring  on  the  plate  on  the  two 
sides  and  then  closed  it  down  again  and  found  that  the  spring 
had  bulged  about  a  quarter  of  an  inch ;  in  other  words,  we  had 
pressed  out  a  6"  arch  an  eighth  of  an  inch.  That  accounted  for 
the  excess  of  strength  that  was  in  the  spring  that  the  torsion 
would  not  account  for.  There  was  another  difficulty  in  the 
formula  that  was  got  over.  That  was  a  claim  that  was  made  in 
the  original  papers  read  here  in  Pittsburgh  before  the  Society  of 
Mechanical  Engineers.  The  paper  closed  with  the  statement  that 
the  modulus  of  elasticity  of  mild  steel  and  high  steel  and  wrought 
iron  were  all  the  same,  and  the  assumption  was  that  if  you  got  the 
spring  bar  of  the  right  size  and  worked  it  out  on  that  formula, 
it  did  not  make  any  difference  what  material  it  was.  After  some 
months,  however,  when  the  specifications  finally  came  out,  I  asked 
why  it  was  90  to  no  carbon  steel  was  used  when  wrought  iron 
would  have  answered  the  purpose  just  as  well  in  the  formula. 
“Oh,  the  elastic  resilience  of  the  high  steel  was  better.”  How¬ 
ever,  although  these  formulas  do  make  a  fair  approximation,  I 
found  the  only  satisfactory  way  in  which  I  could  get  out  a  right 
spring  was  to  try  it.  The  largest  bar  I  ever  used  was  i$"  in  di¬ 
ameter.  That  is  a  pretty  large  bar.  That  spring,  I  think,  was 
over  12"  in  diameter.  Mr.  Stucki  said  he  did  not  see  why  there 
should  be  a  lower  limit  of  strength  put  on  a  V'  bar  than  a 
There  is,  I  think,  a  very  good  reason  for  that.  And  that  is  that 
if  you  get  up  in  the  size  of  steel,  you  increase  the  strain  in  the 
bending,  and  you  are  not  as  safe  in  the  thicker  materials  as  you 
would  be  in  the  thinner.  If  you  consider  a  watch  spring  and  the 
weight  of  the  resilience  it  drives,  and  then  calculate  from  that  up 
to  a  spring,  say  V  thick  and  4  or  5"  wide,  and  then  tried  to  use 
that  great  big  spring  to  drive  a  motor  of  the  same  relative  weight, 
you  would  find  it  would  not  do  it.  I  think  there  is  good  reason, 
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then,  for  a  modification.  I  don’t  know  that  the  amount  you  have 
mentioned  is  correct,  but  where  there  is  so  much  strain  in  harden¬ 
ing  the  bars,  I  think  that  there  is  a  difference.  The  chief  diffi¬ 
culty  in  springs  is  not  in  the  designing  or  in  the  preparation,  it  is 
in  the  manufacture.  That  is  where  the  great  trouble  lies,  and  as 
the  gentleman  says,  a  good  open  hearth  steel  is  good  enough  for 
any  practical  purposes.  When  you  consider  the  first  specifica¬ 
tions  that  the  Pennsylvania  Railroad  made,  they  limit  the  spring 
steel  from  90  to  1 10  carbon.  I  thought  the  limit  was  too  narrow, 
but  I  could  not  prevail  upon  them  to  change.  Now  that  close 
limit  is  right  for  elliptic  springs ;  and  I  see  that  they  have  modi¬ 
fied  their  specifications  for  coiled  springs,  and  they  now  allow 
steel  of  any  carbons,  from  70  up.  This  was  done  to  give  the 
spring  maker  freedom  and  to  enable  him  to  use  judgment.  There 
is  nobody  living,  or  ever  did  live,  that  could  make  uniform  springs 
out  of  steel  from  70  to  no  point  steel,  if  the  carbons  are  mixed 
together.  If  the  spring  maker  gets  his  70  carbons  right,  he  is 
bound  to  have  his  120  or  140  carbons  too  hard,  if  the  men  that 
furnish  the  material  furnish  it  in  mixed  lots.  It  does  not  cost 
one  cent  to  keep  the  carbons  sorted  and  to  put  all  of  one  carbon 
one  size,  and  then  if  he  has  to  make  a  change  at  all  it  won’t  hurt 
the  spring  maker,  if  he  knows  of  the  change.  We  have  one  cus¬ 
tomer  and  we  can  send  him  springs  from  70  up  to  130  or  140 
carbons,  but  we  never  send  it  to  him  mixed.  If  we  have  to  make 
a  change  we  keep  the  lot  entirely  separate  and  notify  him  that  that 
lot  is  a  certain  carbon.  Now  the  railroads  that  don't  make  any 
specifications  will  get  that  variety  of  carbons  in  their  springs  and 
you  will  see  what  a  muss  they  will  get  into.  They  don’t  know 
anything  about  their  elasticity  or  anything  else.  That  is  where  the 
chief  troubles  come  in.  Then  there  are  other  troubles  caused  by 
the  spring  makers ;  a  good  many  of  them  abuse  the  steel.  I  see 
it  particularly  in  the  railroad  shop.  The  spring  steel  is  abused  in 
such  a  way  that  I  do  not  wonder  they  cannot  keep  the  locomotives 
on  the  road ;  and  if  you  would  walk  through  their  spring  shop, 
if  you  know  the  business,  you  could  see  that  the  springs  ought  to 
break.  The  engineer  now  comes  in  and  he  is  practically  in  as 
bad  position  as  any  of  them,  or  worse.  He  has  got  his  principal 
on  one  side  who  wants  everything  as  economical  as  he  can  get  it, 
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and  the  purchasing’  agent  always  wants  the  cheaper  things  and 
goes  into  the  market  and  accepts  the  lowest  bid,  and  the  engineer 
finds  himself  between  the  devil  and  the  blue  sea.  He  don’t  know 
where  he  is  And  that  affects  the  springs  of  today,  and  they  sim¬ 
ply  ought  not  to  be  good.  Makers  are  not  charging  enough  to 
make  decent  springs  out  of  them. 

A  few  months  ago,  I  read  a  paper  before  the  American  Soci¬ 
ety  for  Testing  Materials,  in  which  I  have  treated  this  subject  more 
fully.  It  was  published  in  ‘‘Engineering  News,”  July  30,  1903. 

Mr.  Stucki — Mr.  Metcalf  does  not  seem  to  trust  the  formu¬ 
las  for  helical  springs.  However,,  the  designer  must  have  them. 
Tf  the  maximum  fibre  stress  is  such,  so  that  the  steel  manufac¬ 
turer  can  meet  the  same  with  his  merchantable  open  hearth  pro¬ 
duct,  and  if  the  modulus  of  elasticity  is  chosen  so  that  the  spring 
maker  does  not  have  to  temper  beyond  a  safe  limit,  there  is  noth¬ 
ing  in  the  formula  unknown  or  complicated,  and  it  is  just  as  cor¬ 
rect  as  any  other  formula  for  shafts  and  axles  subjected  to  torsion. 

The  bulging  of  the  springs  under  the  load  is  natural  and  ab¬ 
solutely  necessary  owing  to  the  fact  that  the  length  of  the  bar 
forming  one  turn  is  longer  than  the  circle  of  the  coil  radius.  The 
steeper  the  pitch  the  greater  this  difference.  Tf  the  pitch  is  re¬ 
duced  by  the  load  coming  on  the  spring,  the  bar  itself  does  not 
contract  in  length,  and  necessarily  will  form  a  larger  circle. 

Mr.  Metcalf — When  the  springs  were  first  made,  they  came 
out  too  strong.  We  reported  that  fact  and  then  to  justify  our¬ 
selves, -to  make  sure,  I  had  a  lot  of  bars  rolled  with  very  great 
care,  from  the  exact  diameters  that  the  formula  called  for,  cut 
to  the  correct  length,  and  I  saw  to  the  hardening  myself,  and  they 
were  about  33^  stronger  than  the  formula  called  for.  and  then 
we  gave  the  springs  to  the  railroad  and  told  them  to  test  them 
themselves  and  the  result  was,  the  size  of  the  bars  were  all  cut 
down  to  suit  the  facts. 

Mr.  Stucki — The  fact  that  the  springs  Mr.  Metcalf  spoke 
about  were  33  per  cent,  stronger  than  the  formula  called  for,  in¬ 
dicates  that  the  modulus  of  torsion  “G”  was  not  in  accordance 
with  the  temper  of  the  springs  or  vice  versa.  12,600,000  are  now 
used  on  all  the  standard  railroad  springs  throughout  the  country, 
and  I  have  not  heard  of  any  complaints  from  the  spring  manufac¬ 
turer  on  this  score. 
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Mr.  Metcalf — Well,  there  is  no  question  about  it,  if  you  go 
hardening  a  piece  of  steel  perfectly,  uniformly,  it  would  not  make 
any  difference  then  whether  it  was  a  quarter  of  an  inch  thicker  or 
a  foot  long.  But  if  you  would  look  at  any  spring  bar  that  has 
been  pretty  accurately  tempered,  you  will  find  a  ring,  right  around 
the  outside,  probably  a  1/16  to  a  1/8"  thick.  The  steel  is  hard¬ 
ened  in  that  far.  As  you  go  on  into  the  bar,  you  will  find  it  a 
very  different  grain  and  very  much  softer.  Now,  no  man  living 
can  harden  a  i-|"  bar  all  the  way  through.  If  you  take  a  bar  J" 
thick  and  take  a  nice  proper  hardening  heat  on  that,  you  can 
harden  that  through  pretty  fairly.  If  you  take  the  same  bar  and 
diameter,  -J"  thick,  it  will  not  be  uniformly  the  same  hardness 
through  as  the  bar. 

Mr.  Stucki — As  to  the  necessity  of  allowing  a  different 
maximum  fibre  stress  in  the  elliptical  spring  due  to  the  slight  vari¬ 
ations  in  the  thickness  of  the  leaves  as  now  existing  on  car,  tender 
and  locomotive  springs,  I  may  say  that  there  would  be  more  rea¬ 
son  for  a  sliding  figure  covering-  the  modulus  of  elasticity  as  the 
hardening  and  tempering  is  very  much  more  affected  by  a  differ¬ 
ence  in  thickness  than  the  ultimate  strength.  However,  the  spring 
maker  up  to  this  time  has  had  no  difficulty  to  overcome  this  ap¬ 
parent  trouble ;  at  any  rate  during  the  last  15  or  more  years  I  have 
been  designing  springs  I  have  never  heard  of  any  complaint  or 
suggestion  to-  this  effect. 

I  am  also  convinced  that  the  steel  manufacturer  can  furnish 
a  nearly  uniform  material  even  if  the  thickness  varies  slightly,  and 
I  have  never  heard  of  the  slightest  difficulty  in  this  direction,  and 
the  thickness  of  the  leaves  is  usually  kept  below  9/16",  not  on 
account  of  the  rolling,  but  on  account  of  the  hardening  and  tem¬ 
pering  process.  These  two  processes  affect  mostly  the  modulus 
of  elasticity,  and  not  the  ultimate  strength  of  the  material. 

Chairman — The  point  I  want  to  touch  upon  is,  when  I  have 
springs  designed  I  use  a  higher  modulus  of  torsion  the  smaller 
the  diameter  of  the  rod  is.  For  a  spring  I  would  use  14 
millions,  and  getting  up  fi>  i|"  bar  I  would  use  the  10  millions. 
The  same  in  the  stress ;  I  would  not  allow  as  high  a  stress  on 
the  larger  diameter  as  on  the  smaller.  As  Mr.  Metcalf  says,  the 
small  steel  is  hardened  all  the  way  through,  whereas  the  larger 
bar  is  only  '‘skin-hardened,”  you  might  say. 
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STRUCTURAL  SECTION. 

A  meeting  of  the  Structural  Section  of  the  Engineers’  So¬ 
ciety  of  Western  Pennsylvania  was  held  at  the  Society’s  room. 
410  Penn  Ave.,  Pittsburg,  Tuesday,  April  26,  1904. 

Section  called  to  order  by  the  chairman  at  8:30  P.  M.,  25 
members  and  visitors  being  present. 

Minutes  of  the  previous  meeting  read  and  approved. 

The  subject  for  discussion  was  “Coffer-dam  Construc¬ 
tion.’'  Idle  discussion  was  participated  in  bv  Messrs.  N.  S. 
Sprague,  C.  E.  Bennett  and  S.  J.  Affelder. 

O11  motion  Section  adjourned  at  10:15  P.  M. 

Willis  Whited, 

See.  Structural  Section. 
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COMMERCIAL  GAS  ANALYSIS  WITH  STATIONARY 

HEM  PEL  APPARATUS.* 

BY  H.  C.  BABBITT, 

East  Pittsburgh  Gas  Works. 

The  apparatus  about  to  be  described  was  designed  by  Mr. 
W m.  J.  Knox,  of  Pittsburg,  Pa.,  and  has  stood  practically  un¬ 
changed  for  several  years. 

To  a  horizontal  frame,  near  to  and  parallel  to  the  edge  of 
the  working-bench,  is  attached  a  horizontal  rod  (D),  about  J" 
diameter,  on  which  the  pipettes  may  be  suspended  from  appro¬ 
priate  hooks  attached  to  the  frame  of  the  pipette ;  while  to  a 
vertical  rod,  secured  to  frame  and  bench,  are  fastened  the  bur¬ 
ette  and  leveling-tube  in  such  a  manner  as  to  permit  free  later¬ 
al  motion.  The  prolong  of  burette  is  bent  at  right  angles  to 
the  burette  and  parallel  to  the  graduations.  The  capillary  tubes 
of  the  pipettes  are  also  bent  to  90°,  so  that  only  a  rubber  connec¬ 
tion  is  necessary  to  attach  to  burette.  At  the  top  of  the  burette  is 
a  3-wav  cock  (A),  the  second  outlet  (e)  being  the  stam  of  cock. 
At  the  bottom  of  the  leveling-tube  is  a  cock  (C).  Burette  and 
leveling-tube  are  connected  by  a  Y-tube  to  one  branch  of  a  3- 
way  cock  (B),  the  other  branches  of  which  are  connected,  re¬ 
spectively,  to  an  overhead  reservoir  and  drain. 

The  modus  operandi  is  as  follows:  With  (C)  closed,  open 
(A)  to  burette  and  fill  burette  with  water  by  opening  (B)  to 
supply.  Close  (A)  and  attach  sample  bottle  to  prolong  of  bur¬ 
ette.  Pass  enough  gas  through  (e)  to  insure  complete  elimina¬ 
tion  of  air.  Open  (A)  to  burette  and  draw  in  sample  by  open¬ 
ing  (B)  to  drain.  To  obtain  the  volume  at  atmospheric  press¬ 
ure;  with  (A)  closed,  open  (C)  and,  by  admitting  or  withdraw¬ 
ing  water  by  means  of  (B),  the  level  of  burette  and  tube  is  easi¬ 
ly  obtained.  With  (A)  still  closed,  attach  the  appropriate  pip- 
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ette  to  the  prolong  of  burette ;  open  (A)  to  bin ette  and  force  gas 
into  pipette  by  filling  burette  with  water  by  means  of  (B). 
When  absorption  is  complete,  return  gas  to  burette  by  opening 
(B)  to  drain;  then  level  as  described  above.  It  it  is  desired  to 
shake  the  pipette,  a  swinging  motion  may  be  given  to  it  with¬ 
out  disconnecting  from  burette.  1  he  rod  (D)  is  long  enough 
that  the  hanging  shelf,  on  which  the  explosion  pipette  and 
mercury  reservoir  are  placed,  may  be  thrown  back  out  of  the 
way,  when  not  in  use. 

The  ordinary  absorbents  are  used  in  the  following  order: 

Potassium  hydrate  solution  (1.27  sp.  gr.)  for  CCb. 

Bromine  solution  for  CTB.  A  saturated  solution  of  Br  in 
water  in  a  compound  pipette  for  liquids. 

Pvrogallic  acid  or  phosphorus  for  oxygen. 

Pyro  solution  is  prepared  by  dissolving  30  grms.  Pyrogal- 
lic  acid  in  75  c.c.  of  water,  transferring  to  compound  pipette  and 
filling  the  pipette  with  KOH  solution  (1.27  sp.  gr.). 

Phosphorus  pipette  is  prepared  by  filling  a  simple  pipette 
for  solids  with  sticks  of  phosphorus  about  3/16  diameter,  and 
then  filling  with  water. 

For  all  oxygen  below  50$  I  prefer  the  P  solution,  which  is 
cleaner  to  handle  and  equally  rapid  to  Pyro. 

Cuprous  Chloride  solution,  either  acid  or  ammoniacal,  for 
absorption  of  CO,  but  the  ammoniacal  solution  must  always  be 
used  if  palladium  combustion  is  to  follow. 

Acid  solution  of  Cuprous  Chloride  is  prepared  by  making 
a  saturated  solution  of  C11O  in  HC1  (1.  1  sp.  gr.)  and  allowing 
it  to  stand  over  an  excess  of  copper,  out  of  contact  with  the  air, 
till  CuCh  is  reduced  to  Cu*Cl-  and  solution  is  colorless.  It  is 
then  transferred  to  a  compound  pipette,  for  solids,  in  which  are 
several  rods  of  copper. 

Ammoniacal  solution  of  Cuprous  Chloride.  (Hempel.)  10.3 
grms.  of  C11O  are  dissolved  in  100-200  c.c.  HC1  and  allowed  to 
stand,  out  of  contact  with  the  air,  over  copper,  till  the  solution 
is  colorless;  it  is  then  at  once  poured  into  a  cylinder  containing 
from  1500-2000  c.c.  water,  to  precipitate  the  white  Cu* Cl*.  As 
soon  as  the  precipitate  has  settled,  decant  as  closely  as  possible 
and  wash  the  precipitate  into  a  250  c.c.  flask  with  100-150  c.c. 
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of  water.  Then  pass  ammonia  gas  through  the  solution,  taking 
care  that  no  air  is  introduced,  till  the  C112CI2  is  dissolved  and  the 
solution  is  a  light  blue  color.  Fill  compound  pipette  and  dilute 
with  water. 

This  latter  solution  is  also  absorbent  for  C2  EF. 

PALLADIUM  COMBUSTION  FOR  HYDROGEN. 

If  this  is  used,  care  must  be  taken  that  the  palladium  is 
active  and  that  the  temperature  does  not  run  too  high,  other¬ 
wise  more  or  less  of  the  CEF  will  be  burnt.  During  the  com¬ 
bustion,  the  palladium  tube  must  be  immersed  in  a  beaker  of 
water  at  90°  to  ioo°C.  Several  authorities  state  that  the  tube 
may  be  held  over  a  small  naked  flame,  as  long  as  the  tube  is  kept 
below  a  dull  red.  This  is  wrong,  for  in  spite  of  the  greatest 
care,  local  heating  will  take  place  and  more  or  less  CEF  be  de¬ 
composed.  The  writer  is  not  an  advocate  of  palladium  com¬ 
bustion  because:  1st.  It  complicates  the  determination  and 
apparatus,  requiring  a  support  on  the  upright  for  the  beaker, 
and  wastes  time  in  setting-up.  2nd.  The  palladium  needs  re¬ 
generation  after  a  very  few  determinations.  3rd.  Under  ordi¬ 
nary  conditions  it  accomplishes  nothing  but  what  would  be  ob¬ 
tained  by  the  subsequent  explosion,  which  immediately  fol¬ 
lows. 

Explosion  for  CEF,  or  CEF  and  EF. 

To  the  residual  gas  is  added  an  excess  of  oxygen  or  air 
and  transferred  to  the  explosion  pipette  over  mercury;  the  end 
of  the  capillary  is  clipped,  and,  without  disconnecting  from 
burette,  the  gas  is  "sparked,”  returned  to  burette  and  contrac¬ 
tion  noted,  passing  over  KOH  and  absorption  read. 

CEF-{-  202=C02+2H20 
EF-|-i/202:=EFC) 

From  these  reactions  it  will  be  seen  that  the  CO2  formed, 
equals  the  CEF  present.  If  CEF  alone  is  present,  this  absorp¬ 
tion  will  be  one-half  of  the  combustion.  If  EF  is  also  present; 

CO-=CEF,  and  EF=  2C~4  ab!5^U  This  is  an  acurate  determina- 

3 

tion,  and  from  it  will  be  seen  the  usefulness  of  the  palladium 
combustion,  except  when  other  hydrocarbons  are  present  or 
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suspected  so  that  from  the  absorption  of  CO*,  contraction,  and 
oxygen  consumed  the  composition  of  the  gases  is  desired.  In 
fact,  it  is  unnecessary  to  absorb  CO  for,  by  absorbing  the  un¬ 
used  oxygen,  the  nitrogen  is  determined  and  we  have  as  known 
factors  the  sum  of  CO,  H*,  and  CH*=A;  the  contraction=C ; 
and  the  KOH  absorption=D.  Three  known  factors  from 
which  the  three  unknown  may  be  obtained  by  a  simple  alebra- 
ic  solution. 

H*=A — D 

co^--20— 

3 

CH*=Pc~3^"--p 

.If  benzine  be  present  it  would  be  absorbed  by  the  Br.  The 
method  used  of  absorbing  in  1  c.c.  over  mercury  before  the 
KOH  absorption  gives  erroroneous  results,  for  the  benzine  is 
not  completely  soluble  in  it,  while  the  CH*  and  other  hydro¬ 
carbons  are  partially  soluble. 

Dennis  &  O’Neill  (Jour.  Am.  Chem.  Soc.,  Vol.  LVHI, 
page  395)  show  that  an  absorption  by  an  ammoniacal  solution 
of  nickel  nitrate  following  the  KOH  remove  the  benzine  per¬ 
fectly,  without  interfering  with  the  subsequent  absorptions. 
This  solution  is  prepared  by  dissolving  25  grms.  crystals  of 
nickel  nitrate  in  50  c.c.  water  and  50  c.c.  ammonia,  and  dilut¬ 
ing  the  150  c.c.  with  ammonia.  This  absorption  is  always  fol¬ 
lowed  by  a  5$  H*  SO*  solution. 

Producer  and  blast  furnace  gases  carry  no  CHI*  and  but 
trifling  amount,  if  any,  of  CH* ;  so,  If  the  gas  is  being  analyzed 
for  its  calorific  value,  the  following  procedure  will  determine 
it  with  sufficient  accuracy  in  less  than  ten  minutes. 

Absorb  CO*  and  O*  by  the  proper  reagents,  add  oxygen, 
transfer  to  explosion  pipette,  explode,  noting  contraction  and 
KOH  absorption. 

CO*  formed=CO;  H*=~-c~c°2.  The  sum  of  the  H*  and 

3 

CO  x  320=6.  T..  U.  per  cu.  ft.  If  CH*  were  present  and 
ignored,  the  calculation  being  made  as  given  above,  CH*  would 
appear  as  equal  volumes  of  H=  and  CO,  thus  introducing  an 
error  of  3.52  b.  t.  u.  for  every  per  cent,  of  CH  present. 
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The  following  values  are  used  in  calculations : 


C2H4=i56o.i 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS 

The  regular  monthly  meeting  of  the  Engineer’s  Society  of 
Western  Pennsylvania  was  held  in  the  Lecture  Room  of  the  So¬ 
ciety’s  House,  at  No.  410  Penn  Avenue.  Pittsburgh,  Pa.,  at  8:20 
P.  M.,  May  17th,  1904,  President  James  M.  Camp  in  the  chair 
and  thirty-five  members  and  visitors  present. 

The  minutes  of  the  last  regular  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Directors  reported  that  they  had  passed  favor¬ 
ably  on  the  following  application,  and  present  same  to  society  for 

action. 

NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BY 

)  S.  B  Ely, 

A.  RUILOBA,  ...  Engineer,  -  -  >J.  M.  Davison, 

with  United  States  Steel  Corporation,  JM.W.  Hogle. 

71  Broadway,  New  York.  N.  Y. 

President — The  minutes  will  stand  approved.  The  applica¬ 
tions  for  membership  seems  to  be  on  the  wane.  The  fact  that  we 
almost  doubled  our  membership  in  the  two  years  previous  to  this 
is  proof  of  what  united  effort  will  do,  and  the  fact  that  we  are 
not  doing  that  now  is  proof  that  there  is  not  such  united  effort. 
It  is  very  desirable  to  have  this  good  work  continued  in  the  future 
the  same  as  it  has  been  in  the  past,  to  add  to  our  roll  those  men 
that  will  do  ourselves  and  themselves  honor  by  joining  with  us. 
If  there  is  no  further  business  we  will  have  the  pleasure  of  listen¬ 
ing  to  Mr.  C.  M.  Canady  on  the  subject  of  “Highway  Bridges/' 

HIGHWAY  BRIDGES. 

BY  C.  M.  CANADY. 

The  subject  for  this  evening  being  a  general  discussion  of 
highway  bridges,  it  seems  proper  to  devote  this  paper  to  a  review 
of  the  various  types  of  this  class  of  structure  and  the  successive 
stages  of  development,  both  in  general  design  and  detail,  through 
which  they  have  passed.  It  is  not  the  intention  to  begin  with  the 
early  dawn  of  history  and  elaborate  these  observations  into  a 
study  of  civilizations  through  its  bridges,  but  simply  to  call  atten- 
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lion  to  and  comment  here  and  there  upon  some  of  the  types  and 
details  which  have  claimed  the  attention  of  the  designer  and  manu¬ 
facturer  during  the  past  fifteen  or  twenty  years. 

Of  the  combination  bridges,  composed  of  wood  and  iron,  the 
Howe  truss  affords  probably  the  best  example  of  the  bridge  build¬ 
ers’  art.  These  bridges,  dating  from  a  time  when  timber  was  both 
plenty  and  cheap,  and  of  good  quality,  and  iron  was  expensive, 
were  quite  naturally  constructed  of  a  minimum  of  iron  and  a 
maximum  of  wood.  The  vertical  members  of  the  web  system, 
the  angle  blocks,  packing  rings,  bearing  plates,  bolts  and  washers 
constituted  about  all  the  iron  parts  necessary  for  the  construction 
of  a  highway  bridge  of  this  type.  In  a  structure  so  replete  with 
interesting  features,  it  is  difficult  to  single  out  any  one  or  two 
points  more  prominent  than  the  others,  that  could  be  more  than 
touched  upon  in  a  paper  of  this  kind.  Compared  with  the  steel 
structure  of  the  present  day,  at  least  one  point  in  the  general 
design  is  conspicuous,  and  that  is  the  counterbracing  throughout 
the  entire  length  of  the  span.  The  additional  stiffness  thus 
acquired  no  doubt  has  added  much  to  the  life  and  general  effi¬ 
ciency  of  this  kind  of  a  bridge.  The  bottom  chord,  which  con¬ 
sists  of  three  or  four  pieces  packed  together,  is  spliced  by  means 
of  oak  fish  plates,  notched  into  the  sides  of  the  stick  to  be 
spliced.  The  splices  are  arranged  to  break  joints,  but  one  stick 
being  spliced  at  a  time.  The  proper  arrangement  and  proportions 
of  these  splices  constitute  quite  an  interesting  feature  of  the 
detail  design. 

Floor  beams  may  be  used,  resting  on  the  chords,  or  sus¬ 
pended,  or  the  wood  joists  may  run  crosswise  and  they  themselves 
rest  on  the  chords,  doing  away  with  floor  beams  entirely.  One 
objection  to  this  latter  construction  is  the  chance  it  gives  for  dirt 
.and  moisture  to  collect  along  the  top  of  the  lower  chord.  A  good 
specification  for  this,  or  any  other  wooden  bridge  exposed  to  the 
weather,  is  to  omit  painting  until  the  timber  has  been  thoroughly 
seasoned  in  actual  use  for  six  months  or  a  year. 

For  several  reasons  this  type  of  bridge  has  fallen  into  disuse, 
except  in  the  far  West.  The  cheapening  of  steel,  the  lesser  cost 
of  erecting  steel  bridges,  the  growing  scarcity  of  suitable  timber, 
and  the  passing  of  the  bridge  carpenter,  are  some  of  the  principal 
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causes  that  have  given  the  steel  structure  the  preference.  This 
transition  from  the  type  consisting  almost  entirely  of  wood  to  the 
entirely  steel  structure  was  not  accomplished  at  a  single  hound, 
but  instead,  there  is  quite  a  distinct  type  between  the  two.  which 
up  until  a  few  years  ago  was  built  quite  extensively  throughout  the 
middle  west,  and  is  to-day  a  favorite  construction  for  a  large 
part  of  the  country  lying  west  of  the  Missouri  river. 

This  intermediate  type  is  the  Pratt  Truss  Combination 
Bridge,  consisting  of  wooden  compression  members  and  iron  or 
steel  tension  members.  The  floor  beams,  which  were  made  some¬ 
times  of  wood  and  sometimes  of  iron,  were  usually  suspended 
the  lower  chords  and  main  ties  being  eye-bars  or  loops  connected 
at  the  joints  with  pins.  This  bridge  requiring  less  skill  in  car¬ 
pentry  to  frame,  and  being  less  expensive  to  erect  than  the  Howe 
.  Truss,  naturally  took  the  place  of  the  former  where  timber  was 
to  be  had  and  freight  rates  did  not  permit  the  use  of  an  all-steel 
structure. 

The  King  Arch ,  which  is  no  arch  at  all,  but  simply  a  truss 
bridge  with  a  curved  top  chord,  was  built  quite  extensively  by 
the  King  Bridge  Company  twenty-five  or  thirty  years  ago.  Every 
bridgeman  is  familiar  with  its  general  appearance,  and  many  are 
acquainted  with  its  many  unique  features,  which  have  been  the 
chief  causes  of  its  falling  into  disuse. 

The  top  chord  consists  ordinarily  of  one  or  two  I-beams  laid 
flat  and  curved  to  the  required  radius.  It  has  been  said  that  this 
radius  was  a  constant  for  all  spans,  and  to  make  up  a  span  of  a 
certain  length,  it  was  only  necessary  to  strike  a  chord  of  the  given 
length  on  the  beam  which  was  already  curved  and  in  stock.  A 
cold  chisel,  a  sledge  and  a  blacksmith  did  the  rest,  and  the  top 
chord  was  ready  to  be  punched  to  receive  the  connections  for  the 
posts  and  diagonals.  The  posts  consisted  of  star  shapes,  usually 
forged  to  a  round  at  the  top  and  threaded  for  jaiimb  nuts  con¬ 
necting  it  to  the  top  chord.  If  the  span  was  short,  side  braces 
were  provided,  also  of  a  star  section,  provided  with  a  jaumb  nut 
connecting  to  a  sort  of  a  sleeve  attached  to  the  end  of  the  needle 
beam,  which  was  extended  a  foot  and  a  half  or  two  feet  outside 
of  the  truss  for  that  purpose. 

The  bottom  chords  were  made  from  thin  flat  bars  t4"xj" 
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was  a  common  size)  reduced  to  a  round  and  threaded  at  the  ends, 
the  threaded  ends  coming’  at  the  shoes  and  the  bars  being  con- 
tinuous  from  one  end  of  the  bridge  to  the  other.  For  shipment, 
these  bars  were  folded  on  themselves  once  or  twice  and  wired 
together,  similar  to  bundles  of  hoop  iron.  The  folds,  would,  of 
course,  be  curves  of  large  radii.  This  method  of  shipping  in  one 
piece  is  no  doubt  responsible  for  the  thin  bars  that  were  used. 
Another  condition  which  called  for  the  use  of  wide  thin  lower 
chords  was  the  fact  that  the  floor  load  was  supported  on  these  bars, 
the  wooden  joists  running  crosswise  of  the  bridge  and  the  floor 
plank  being  laid  diagonally. 

It  is  a  matter  of  common  observation  that  if  a  bar  be  sub¬ 
jected  to  tension,  it  will  support  a  much  greater  load  acting  as  a 
beam  than  it  will  when  no  tensile  stress  is  applied.  The  writer 
has  several  times  tried  to  develop  a  formula  for  properly  propor¬ 
tioning  such  bars  supporting  a  transverse  vertical  load  simul¬ 
taneously  with  the  direct  tension  in  the  lower  chord  on  the 
assumption  that  the  initial  tension  materially  increased  the  effect¬ 
ive  depth  of  the  bar  used  as  a  beam.  It  was  on  this  hypothesis 
alone  that  I  could  in  anv  wav  account  for  the  bars  holding 
together  under  such  loading.  This  question  was  discussed  freely 
at  the  structural  section  of  this  society  some  time  ago  and  the 
general  opinion  was  that  Newton’s  law  had  been  tested  too  often 
to  be  discarded  in  this  case.  “Each  force  must  produce  its  effect 
independent  of  all  other  forces.”  We  can,  therefore,  infer  that 
these  bridges  have  seldom,  if  ever,  been  loaded  so  that  these  chord 
bars  were  strained  beyond  their  elastic  limit.  Such  loading  would 
be  far  below  the  ordinary  assumption  for  country  bridges  at  the 
present  day. 

Another  feature  peculiar  to  this  type  of  truss  is  the  impossi¬ 
bility  of  properly  bracing  them  laterally  in  the  plane  of  the  top 
chord.  The  top  chord  bracing  must  stop  off  several  panel  lengths 
from  each  abutment  in  order  to  have  sufficient  head  room  at  the 
portals.  I  have,  on  one  or  two  occasions,  seen  make-shift  attempts 
to  remedy  this  defect  by  placing  posts  on  top  of  the  chords  of 
sufficient  height  to  give  the  required  head  room,  and  attaching 
the  top  struts  and  portals  to  them.  This  arrangement  gives  some¬ 
what  the  appearance  of  the  English  idea  of  bracing  the  top  chord 
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of  pony  trusses,  which  was  illustrated  in  the  “Engineerng  News’’ 
a  few  years  ago.  This  illustration  showed  a  pony  truss  with  a 
curved  lattice  strut  running  from  the  top  chord  of  one  truss  to  the 
top  chord  of  the  other  truss.  The  curve  is  sufficient  to  allow  the 
necessary  head  room  underneath. 

It  does  not  take  a  very  close  study  of  the  King  Arch  to  infer 
that  the  foundry  and  smithshop  constituted  the  greater  part  of 
the  equipment  of  the  Cleveland  Company  in  its  early  history.  This 
is  also  true  to  a  greater  or  less  extent  of  the  shops  of  other 
bridge  concerns  at  this  time.  It  was  a  case  of  cutting  out  the 
bridge  to  suit  the  equipment. 

One  of  my  first  mpressions  of  the  bridge  business  was  re¬ 
ceived  just  after  leaving  college.  While  crossing  one  of  the  many 
bridges  spanning  the  Des  Moines  river,  not  far  from  my  home, 
I  was  struck  with  the  airy  gracefulness  of  an  intermediate  post 
some  thirty-five  or  forty  feet  long,  consisting  of  four  angles, 
about  2x2x|"  laced  four  sides.  Why  the  designer  had  used  so 
little  material  and  so  much  shop  work  would  not  be  quite  plain  at 
first  sight  to  one  used  to  designing  bridges  under  the  present 
conditions.  Mr.  Bridge’s  history  of  the  Carnegie  Steel  Company, 
however,  explains  quite  forcibly  why  four  small  angles  and  so 
much  lacing  were  used,  instead  of  two  channels  laced.  In  fact, 
the  matter  becomes  quite  clear  when  one  remembers  that  when 
angles  and  bars  were  selling  around  2  or  2jc,  the  price  of  beams 
and  channels  was  a  cent  or  a  cent  and  a  quarter  higher. 

Chords  8"  or  9"  deep,  made  up  of  four  angles  and  three 
plates  is  another  offspring  of  this  price  differential.  With  the 
difference  in  price  eliminated  and  material  selling  around  1.60c, 
built  chord  sections  commence  only  when  15"  channels  cease  to 
be  economical.  When  material  cost  at  the  mill  twice  as  much  as  it 
does  now,  we  used  to  design  floor  beams  with  just  sufficient  depth 
at  the  ends  to  allow  for  a  sufficient  end  connection,  or  to  leave 
enough  metal  in  the  web  to  resist  the  end  shear.  They  were 
tapered  on  the  bottom  from  the  ends  down  to  what  was  consid¬ 
ered  the  required  depth  at  the  center.  The  web  was  spliced  at 
the  center  and  the  material  for  the  two  halves  was  ordered, 
either  sketch,  or  in  a  rectangular  plate  wide  enough  to  cut  both 
halves  without  waste.  I  remember  seeing  a  bridge  of  about  a 
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240-ft.  span  on  which  the  floor  beams  were  made  up  similar  to  a 
trussed  purlin  on  a  mill  building,  except  that  the  joints  were  pin 
connected.  These  illustrations  serve  to  show  how  the  bridge  was 
designed  to  suit  the  price  of  material. 

About  that  time,  it  was  the  fashion  to  make  pin  connections 
wherever  possible.  Rods  with  plain  loops,  or  bent  loops,  orna¬ 
mented  the  bridge  at  every  turn.  Transverse  struts  connected  to 
the  chord  pins  by  means  of  a  .yoke  or  U  shaped  bent  plate,  mak¬ 
ing  work  galore  for  the  blacksmith  and  machine  shop.  In  short, 
the  pin  connected  idea  was  carried  out  to  the  fullest  extent.  At 
top  chord  points,  the  laterals  for  the  adjacent  panels,  as  well  as 
the  vertical  sway  rods,  connected  to  the  chord  pin  with  a  bent 
eye,  and  on  top  of  these  came  the  yoke  at  the  end  of  the  top  strut 
sometimes  tapped  so  as  to  form  the  pin  nut,  and  sometimes  bored 
so  as  to  fit  the  reduced  end  of  the  pin  and  rest  against  the 
shoulder.  The  use  of  wing  plates  at  these  points,  as  well  as  for 
the  bottom  lateral  connections,  was  an  improvement  over  the 
bent  loops,  but  requiring,  at  the  same  time,  more  material  and 
more  smith  and  machine  work.  A  further  illustration  of  this 
idea,  that  everything  should  connect  to  the  chord  pin,  is  seen  in 
the  stirrup  floor  beam  hanger.  Two  hangers  at  each  end  of  the 
beam  were  at  first  used,  but  later  it  was  considered  better  engi¬ 
neering  to  use  but  one  and  make  the  pins  large  enough  to  carry 
the  load  from  the  beam  suspended  at  its  center.  While  we  occa¬ 
sionally  see  a  hanger  of  this  sort  to-day,  all  up-to-date  engineers 
prefer  a  rigid  connection  of  the  beam  to  the  post,  either  above 
the  chord  or  below.  In  fact,  rigid  connections  are  as  conspicuous 
now,  in  most  bridges,  as  the  loose  pin  connected  joints  were 
formerly.  The  decrease  in  the  price  of  steel  has  enabled  the  engi¬ 
neer  to  provide  metal  enough  to  overcome  whatever  secondary 
stresses  were  produced  by  rigid  connections  where  the  gravity 
lines  cannot  intersect  at  a  common  point.  Stiff  laterals  are  being 
used  for  the  lower  chords  and  sometimes  for  both  chords.  Coun¬ 
terbraces  designed  to  take  both  tension  and  compression  members 
are  being  substituted  for  counter  rods  with  loop  eyes  and  turn 
buckles. 

The  Wlvp pie  or  Double  Intersection  Pratt  Truss  has  been 
used  mostly  for  long  pin  connected  spans,  where  the  height  of 
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truss  brought  the  tension  diagonals  too  nearly  vertical,  unless  the 
panels  were  made  longer  than  desirable.  The  diagonals  were 
accordingly  made  to  extend  over  two  panels,  thus  bringing  their 
inclination  more  nearly  45 °,  and  the  shearing  stresses  were  car¬ 
ried  to  the  abutments  through  two  separate  systems.  Dividing  up 
the  stresses  in  this  way,  by  reducing  the  stress  on  the  separate 
members  of  the  web  system,  produced  small  slender  diagonals 
which  would  vibrate  excessively  under  passing  loads. 

A  saving  of  material  was  effected  by  connecting  the  diagonals 
to  the  intermediate  posts,  which  crossed  them  at  the  center,  thus 
dividing  by  two,  the  R  of  the  post.  For  present  price  of  material 
and  shop  conditions,  there  is  no  doubt  but  that  the  decrease  in 
weight  thus  attained  would  be  more  than  balanced  by  the  in¬ 
creased  cost  of  boring  the  extra  pin  holes,  making  the  extra  pins 
and  forging  the  additional  heads  on  the  bars.  Reducing  the  R 
of  long  vertical  posts  is  so  much  more  effectively  accomplished  at 
present  on  our  long  sub-divided  trusses  by  the  use  of  the  hori¬ 
zontal  struts,  rigidly  attached  to  the  center  of  the  posts,  that  the 
use  of  the  Whipple  truss  to-day  would  be  going  a  long  way 
around  to  produce  a  poor  and  expensive  piece  of  engineering. 
Any  one  who  has  had  the  pleasure  of  resurrecting  an  old  span  of 
this  type  from  the  bed  of  a  river,  and,  without  the  aid  of  either 
strain  sheet,  or  working  drawings,  making  it  over  again  into  the 
semblance  of  a  new  bridge  with  a  brand  new  coat  of  paint,  should 
certainly  feel  grateful  that  some  ‘‘old  things  do  pass  away.” 

The  Warren  Truss,  with  all  its  web  members,  both  tension 
and  compression  inclined  at  an  angle,  has  found  its  most  legiti¬ 
mate  use  in  riveted  construction.  The  difficulty  in  securing  a  sat¬ 
isfactory  connection  of  the  floor  beam  to  the  trusses,  other  than 
by  suspending  them  by  stirrup  hangers,  is  the  principal  objection 
to  their  use  in  pin  connected  work.  The  extra  metal  required  in 
the  intermediate  posts,  because  they  are  longer  than  a  vertical 
post,  and  on  account  of  reversal  of  stresses  near  the  center  of  the 
span,  would  probably  about  balance  the  material  and  extra  shop 
work  on  counter  rods  which  are  not  required  by  the  Warren 
bracing. 

1  he  Pratt  Truss  brings  us  right  up  to  date  in  the  evolutions 
of  bridge  construction.  For  simplicity,  minimum  number  of  parts, 
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duplication  and  economy  in  shop  work,  it  has  no  equal.  Pony 
trusses  up  to  about  90'  and  through  trusses  from  80'  to  180' 
spans  are  built  after  this  type  in  both  pin  connected  and  riveted 
construction.  For  spans  above  this  length,  the  Baltimore  or  sub¬ 
divided  Pratt  truss  was  used  for  a  time,  but  gave  place  to  the 
Petit  truss  with  curved  top  chords,  but  with  sub-divided  panels 
as  before.  Two  different  methods  for  carrying  the  sub,  or  inter¬ 
mediate,  panel  loads  to  the  panel  points  proper  have  been  in  use. 
The  first  was  by  the  introduction  of  the  sub-strut  running  from 
the  intermediate  point,  from  which  the  load  is  suspended,  down  to 
the  foot  of  the  post  toward  the  end  of  the  span.  The  other  and 
more  recent  method  is  by  the  introduction  of  the  counter  running 
to  the  top  of  the  post  toward  the  center  of  the  span. 

A  pleasing  effect  and  duplication  of  drawings  and  shop  work 
are  produced  on  long  spans  by  making  the  height  of  truss  at  the 
various  panel  points  such  that  the  angle  of  deflection  of  the  top 
chord  at  the  joints  is  constant  from  the  center  of  the  span  to  the 
hip.  This  produces  a  curve  flatter  than  either  the  circle  or 
parabola. 

The  tendency  at  the  present  time  is  in  the  direction  of  riveted 
construction  for  both  pony  and  high  truss  spans  of  moderate 
lengths,  while  for  short  spans  up  to  about  35',  the  simple  I-beam 
span  is  a  decided  favorite.  It  usually  consists  of  either  plain  or 
punched  beam  stringers  spaced  from  2  to  3'  apart,  provided  with  a 
simple  lattice  railing  on  either  side.  These  stringers  rest  upon 
some  sort  of  a  steel  wall  plate  at  the  abutment  to  which  they  are 
either  bolted  or  clipped.  In  case  they  are  clipped  to  the  wall  plate 
the  joists  can  be  shipped  entirely  plain,  thus  saving  the  extra  cost 
of  handling  and  punching'  them  at  the  bridge  shop.  I11  fact  the 
uses  of  the  clip  in  the  lighter  kinds  of  steel  construction  are  in¬ 
creasing  every  day. 

Twelve  or  fifteen  years  ago  it  was  a  rare  exception  to  find 
a  riveted  bridge,  either  pony  or  through  truss,  spanning  a  country 
stream.  Now,  however,  in  the  states  of  New  York,  Pennsylvania 
and  Ohio,  and  I  understand  parts  of  New  England,  it  is  almost 
the  exception  that  pony  pin  spans  are  to  be  found,  and  quite  a 
respectable  percentage  of  through  riveted  trusses  are  making  their 
appearance.  For  the  country  outside  of  the  states  mentioned 
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above,  the  pin  connected  trusses  for  the  ordinary  run  of  work  have 
undisputed  sway. 

In  the  older  and  wealthier  sections  of  the  country,  where  the 
traffic  is  such  as  to  require  the  best  type  of  bridge,  as  well  as  cor¬ 
respondingly  good  roads,  the  plate  girder  is  of  course  being  used 
extensively ;  and  solid  floors  of  one  type  or  another  are  not  at  all 
uncommon,  even  for  country  locations.  Plate  girders  weigh  more 
and  are  more  expensive  to  haul  and  erect  than  truss  spans,  and 
their  use  is  consequently  limited  as  stated  before  to  sections  where 
the  price  ls  a  secondary  consideration  to  securing  a  permanent  and 
substantial  improvement. 

DISCUSSION. 

President — The  subject  is  open  for  discussion. 

Mr.  Lyons — I  am  not  very  much  on  Highway  Bridges,  Mr. 
President ;  my  experience  has  been  more  in  the  Railway  line.  We 
build  them.  The  main  feature  referred  to  in  the  paper  about 
changing  from  the  pin-connected  to  the  riveted  trusses  he  didn’t 
bring  out,  possibly,  as  emphatically  as  it  has  taken  place. 
The  tendency  is  now  for  all  the  pony  trusses  to  be  made  of  the 
riveted  or  bolted  type,  that  is  to  do  away  with  the  pins  and  bars, 
and  ship  them  in  as  large  sections  as  can  be  hauled  to  the  bridge 
site.  That  is  really  the  governing  feature  in  determining  the 
sizes  of  the  pieces  that  are  shipped,  and  for  the  larger  spans 
all  the  members  can  be  shipped  separately  and  then  assembled  at 
the  site.  The  stringers  are  mostly  of  steel  now  in  place  of  wood. 
This  has  taken  place  in  the  last  four  or  five  years.  It  used  to  be 
wooden  joists  laid  over  the  floor  beams  ;  now  they  have  steel  floor 
beams,  steel  stringers  and  on  the  stringers  they  will  place  a  nailing 
strip  on  which  the  floor  is  laid  and  nailed.  This  is  certainly  a  vital 
change  over  the  previous  practice,  and  another  thing  that  has 
helped  them  out  in  that  line  is  the  rolling  mills  do  not  roll  the  sec¬ 
tions  with  the  webs  so  thin  that  they  are  translucent.  On  the 
heavier  classes  of  highway  bridge  work  the  buckel-plate  floor 
with  the  paving  is  used,  and  we  have  as  good  an  example  as  any 
right  here  on  the  Sixth  Street  Bridge,  Pittsburgh.  That  is  prob¬ 
ably  as  fine  an  example  of  heavy  highway  construction  as  you  will 
find.  The  expansion  there  is  probably  as  interesting  as  any  bridge 
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you  will  find,  too,  if  it  is  studied  out  carefully  and  see  the  move¬ 
ment.  I  think  if  you  would  go  down  under  the  north  end  of  that 
bridge  and  make  a  study  of  it  there  you  might  observe  the  result 
of  the  expansion.  It  is  pretty  hard  to  get  a  pavement  of  that 
length  and  not  have  the  asphalt  crack.  That  is  really  the  difficulty 
in  connection  with  it,  although  the  approaches  that  are  made  with 
expansion  joints,  in  a  way,  are  not  entirely  satisfactory,  but  the 
only  method  to  overcome  that  is  to  make  the  asphalt  complete  on 
each  span  and  then  have  the  apron  plate  that  reaches  over  the 
spaces  and  allow  this  apron  plate  to  slide  back  and  forth  on  the 
asphalt,  which  will  necessarily  make  a  little  drop  there.  You  can¬ 
not  very  well  make  an  even  surface. 

Mr.  Whited — Speaking  of  what  Mr.  Lyons  says  of  the  in¬ 
creasing  use  of  steel  stringers,  the  two  principal  reasons  for  that 
are  that  the  timber  is  getting  dearer,  and  at  the  time  of  using 
wooden  stringers  steel  I-beams  and  channels  were  worth.  3  i/ioc 
per  pound.  A  while  ago  they  were  sold  for  less  than  a  cent ;  now 
they  are  1  6/ 10c.  Speaking*  of  asphalt  paving,  I  think  the  bridge- 
men  are  not  always  very  familiar  with  the  nature  of  asphalt  pav¬ 
ing.  The  rock  asphalt  will  crack  no  matter  how  particular  you  are 
in  putting  it  on,  but  that  does  not  injure  its  durability.  It  only 
gives  a  little  chance  for  water  to  soak  through  it.  Asphalt  is  a 
peculiar  substance  and  it  is  a  difficult  matter  to  make  just  the 
right  mixture  of  it.  If  it  is  a  little  too  soft  it  softens  in  hot 
weather,  and  if  it  is  a  little  too  hard  it  cracks  in  cold  weather.  It 
is  almost  impossible,  without  wide  and  long  experience,  to  get  the 
right  mixture  of  it  so  it  will  stand. 

Mr.  Flanagan — Mr.  Canadv  did  not  make  any  reference  to 
suspension  bridges  on  highways,  although  his  paper  goes  back 
to  a  time  when  there  were  still  a  good  many  of  them  in  existence 
with  comparatively  small  span.  It  appears  as  though  they  were 
going  to  be  restricted  to  the  very  long  span,  as  near  as  I  can  judge 
the  present  tendency.  But  most  of  us  remember  the  old  Smith- 
field  Street  Bridge.  I  remember  it  because  I  had  to  cross  over  it 
while  the  new  one  was  being  built.  I  remember  the  old  sign  that 
was  up  on  it  at  each  end  of  the  portals  restricting  the  number  of 
head  of  cattle  that  went  onto  the  bridge  at  one  time,  vehicles  to 
drive  no  faster  than  a  walk  and  processions  to  approach  without 
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music.  The  people  that  had  to  use  the  bridge  heaved  a  sigh  of 
relief  when  the  present  bridge  was  put  there  and  no  signs  or 
directions  on  it.  I  suppose  that  was  a  feeling  of  rejoicing  almost 
equal  to  what  it  would  be  bv  abolishing  the  tolls  on  our  bridges. 

Mr.  Canady — I  didn’t  sav  anything  about  suspension  bridges 
because  I  was  afraid  I  might  hurt  the  feelings  of  some  bridge 
contracting  agents  for  steel  bridges.  That  was  the  bane  of  the 
bridge  contractors  in  the  West,  the  wire  suspension  bridges.  lie 
would  go  around  with  a  wire  bridge  without  any  sort  of  stiffening 
at  all,  any  pretense  at  stiffening  the  bridge.  The  wire  was  made 
up  on  the  ground  and  the  cables,  if  you  might  call  them  cables. 
I  remember  of  looking  at  a  specimen,  about  150'  span.  They 
were  just  simply  wires  met  together  and  a  sort  of  pretense  made 
of  twisting  them,  but  didn't  amount  to  more  than  to  bring  all  the 
strains  on  a  few  stands,  and  these  wires  were  ordinarily  anchored 
on  the  bank  to  any  old  log,  and  when  the  spring  floods  came  and 
the  ground  got  good  and  moist,  the  bridge  began  to  have  a  tend¬ 
ency  to  go  dowi.  and  the  people  crossing  those  bridges  after  they 
got  in  that  condition  had  to  be  sure  they  crossed  early  in  the  even¬ 
ing,  before  they  got  very  much  of  a  “load”  on.  They  would  think 
sure  they  were  just  hitting  the  high  place,  the  way  the  bridge  went 
up  and  down. 

Mr.  Lyons — 111  referring  to  highway  bridges  of  the  suspen¬ 
sion  type,  if  I  am  not  mistaken,  they  got  a  black  eye  from  an  acci¬ 
dent  at  Wheeling.  The  bridge  was  built  without  any  wind  brac¬ 
ing,  and  it  got  to  vibrating  from  a  heavy  wind-storm  so  that  the 
cable  slipped  off  the  saddle  and  the  bridge  went  down. 

In  the  last  six  years  the  plate  capacity  and  the  tonnage  out¬ 
put  has  increased  very  materially  on  the  shapes.  The  angle  ton¬ 
nage  is  probably  very  much  greater  now  than  it  ever  was,  as  far 
as  the  percentage  in  output  is  concerned,  and  the  percentage  of 
the  Z-bar  columns  used  in  building  construction  is  verv  much  less 
than  it  was  six  years  ago;  so  that  there  is  a  changed  condition  all 
the  time  that  the  designer  has  to  meet. 

Mr.  Whited — Before  we  adjourn  I  move  that  a  vote  of 
thanks  be  tendered  Mr.  Canady  for  his  paper.  Carried. 

Mr.  Flanagan — I  move  that  we  adjourn.  Carried. 

Charles  W.  Ri dinger.  Secretary. 
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CHEMICAL  SECTION. 

A  joint  meeting  of  the  Pittsburgh  Section  of  the  American 
Chemical  Society  and  the  Chemical  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  Thursday  evening, 
May  19th,  1904,  at  8:20  P.  M.,  in  the  Assembly  Room  of  the 
Engineers’  Society’s  House,  at  No.  410  Penn  Avenue,  Pittsburgh, 
Pa.;  Mr.  H.  E.  Walters  presiding  as  Chairman,  and  twenty-six 
members  and  visitors  present. 

The  regular  Secretary  being  absent,  Mr.  M  oods  was  asked 
to  serve,  and  the  minutes  of  the  preceding  meeting  were  read 
by  him  and  approved. 

Chairman — The  next  business  is  the  report  of  the  Commit¬ 
tees.  Any  new  business?  We  are  ready  for  the  address  of  Prof. 
Chidlow  on  “The  Status  of  the  Chemical  Technology7  of  Bread- 
Making.” 

Prof.  Chidlow — Air.  President  and  Gentlemen:  I  did  not 
have  any  time  to  prepare  anything  of  a  special  nature,  as  I  should 
like  to  have  done,  and  I  intimated  to  Mr.  Walters  that  it  would 
be  rather  in  the  nature  of  a  talk  upon  the  status  of  the  chemical 
technology  of  bread-making.  There  is  so  little  known  of  it,  and 
a  talk  upon  it  would  only  be  an  introduction.  I  dare  say  many 
of  you  will  be  surprised  to  learn  that  there  is  such  a  thing  as  chem¬ 
ical  technology  of  bread-making.  It  is  a  remarkable  fact,  how¬ 
ever,  that,  seeing  that  bread-making  is  something  over  4,000 
years  old  and  that  the  variations  connected  with  its  production 
are  probably  older  than  in  any  other  industry  are  of  the  most 
complex  character — exceedingly  so.  There  is  not  only  the  prob¬ 
lem  of  physiological  chemistry  in  the  matter  of  the  flours  them¬ 
selves  and  their  variations,  but  there  is  the  further  problem 
brought  about  by  bacteriological  conditions,  which  are  never 
under  control  and  to  a  large  extent  are  uncontrollable,  and  until 
within  the  last  three  years  there  has  been  no  attempt  to  even 
control  the  temperature.  Up  to  about  1884  there  was  no  attempt 
made,  in  a  systematic  way,  to  get  at  the  facts  underlying  the 
chemistry  of  bread-making.  William  Jago,  of  Brightling,  at- 
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tempted  at  that  time,  or  just  immediately  preceding  that  time,  to 
formulate  the  chemistry  of  the  immediate  changes  taking  place  in 
bread-making,  but  1  presume  they  were  so  profound  that  he  carried 
on  the  work  to  a  point  that  he  thought  was  sufficient  for  one 
man  and  dropped  it  there.  So  far  as  I  am  aware,  he  has  never 
done  anything  further. 

A  number  of  associations,  some  of  them  in  Germany,  one  in 
Vienna,  two  in  Cleveland,  four  or  five  in  England,  have  acted 
independently  towards  systematizing  the  methods  of  bread-mak¬ 
ing,  and  in  Germany,  to  some  extent,  I  think  in  Crondstadt.  they 
have  taken  up  something  of  the  chemistry  of  baking  by  simply 
making  small  baking  tests.  But  there  has  been  nothing  done  of 
a  systematic  character  outside  of  the  United  States,  except  this 
effort  that  I  speak  of  by  Mr.  Jago,  ending  somewhere  about  1886, 
although  the  work  of  inquiry  has  been  going  on  constantly,  but 
has  only  been  going  on  in  the  same  direction  that  the  bakers 
themselves  carry  it  on.  They  have  not  attempted  to  solve  the 
problems  of  bread- making  by  the  researches  into  what  takes  place, 
nor  into  the  chemistry  of  the  constituents,  nor  into  what  consti¬ 
tuted  the  chemistry  of  the  flours  or  wheats,  and  it  is  something 
of  that  nature  and  of  its  practical  application  in  the  bakeries  under 
the  control  of  the  Ward-Mackey  Company  here  that  I  wish  to 
speak  to  you  of,  because  this  is  the  initial  effort  in  the  history  of 
baking  in  which  chemistry  has  been  applied  in  a  practical  way. 

Since  1889  I  have  been  applying  chemistry  to  milling  and  to 
the  problems  of  baking  generally  in  a  commercial  way,  and  in  1895 
I  associated  myself  with  the  Pillsbury-Washburn  Flour  Milling 
Company,  of  Minneapolis.  I  had  met  Mr.  Pillsbury  very  often 
and  had  discussed  a  number  of  the  practical  sides  of  milling  and 
the  probable  profits  of  the  application  of  chemistry  to  milling. 
There  are  a  good  many  products  in  milling  that  are  going  to 
waste  that  are  valuable  products,  and  I  had  taken  up  the  discus¬ 
sion  of  these  several  times,  which  ended  in  1895  with  my  taking 
the  matter  up  with  Mr.  Pillsbury  and  my  going  with  them  for 
something  like  three  years.  The  problems  of  milling  are  some¬ 
what  peculiar  in  character,  involving  questions  that  the  millers 
themselves  are  not  conversant  with.  Mr.  Pillsburv  said  to  me  in 
1894:  “Mr.  Chi  cl  low,  if  what  you  say  is  true,  if  it  is  a  good 
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thing  for  us  millers  to  have  chemistry  in  the  mill,  why  we  ought 
to  get  it.  We  don't  know  it  though.  We  don't  know  what  we 
want,  and  we  don't  know  whether  it  would  be  any  good  for  us.” 
And  that  is  true  to-day.  Although  there  is  quite  a  large  number 
of  mills  in  this  country  now,  some  probable  fifteen,  employing 
chemists,  they  are  still  in  that  position.  They  don't  know  what 
they  want;  they  think  they  ought  to  have  it,  but  the  majority  of 
them  are  spending  the  money  groping  for  some  information. 
So  you  see  the  millers’  position  is  pretty  difficult.  The 
chemists’  work  is  in  a  worse  plight.  The  chemist  in  a  mill  may 
ask:  “Well,  what  do  you  want  me  to  find  out?  Is  it  any  good 
for  you  to  find  the  starch  or  the  fibre  in  wheat?”  “Well,  I 
don’t  know  what  all  we  should  find  out.  What  do  we  want  to 
know?"  “Well,  I  don’t  know  what  you  want  to  know.”  And  the 
miller  don’t  know.  The  real  problems  of  milling,  so  far  as  I  have 
found  the  commercial  side  of  milling,  are  those  of  getting  the 
largest  amount  of  a  certain  grade  of  merchantable  flour  from  a 
given  amount  of  wheat.  He  believes — taking*  a  miller  from  a 
certain  section,  taking  either  the  Oklahoma  miller,  or  the  miller 
that  is  milling  wheat  grown  in  the  South-Central  States,  or  those 
taking  it  grown  in  the  Northwest, — that  to  make  a  certain  type  of 
flour  requires  a  certain  wheat,  and  these  wheats  have  a  certain 
mixture,  so  much  of  gluten,  and  a  certain  color,  the  color  of 
which  is  determined  by  grading  carried  on  from  crop  to  crop. 
As  a  matter  of  fact,  while  the  constitution  of  the  grain  varies 
widely,  the  percentage  of  ash  will  vary  widely, — vary  from  1.6 
to  2.3 -Jb,  and  the  amount  of  gluten  will  vary  from  11$  to  16$  in 
the  wheat  and  occasionally  in  the  flour — it  is  patent  flour,  that  is 
standard  grade,  usually  known  as  “Pillsbury’s  Best,”  and  ‘‘Wash¬ 
burn  Gold  Medal,”  etc. — those  are  standard  patent  flours  having 
a  pretty  constant  constitution.  The  ashes  are  pretty  constant — 
under  my  observation  since  1893  having  averaged  .45  ash,  and  .46 
would  be  high,  and  .39  would  be  very  low,  so  that  there  is  an 
average  composition  of  the  flour  in  some  respects.  But  if  a  house¬ 
wife  took  the  flour,  say  of  one  year,  and  was  able  to  make  good 
bread  of  it  under  conditions,  if  she  took  so  much  veast  which 
would  have  a  certain  standard  strength  or  activity,  so  much  of 
each  article,  and  put  them  together  in  a  certain  way,  and  left  them 
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for  so  lone:  at  a  given  temperature,  and  she  did  that  next  year  on 
the  same  plan,  she  probably  could  not  get  good  bread.  It  would 
vary  cpiite  a  little,  and  in  fact  usually  on  every  crop  the  millers 
have  trouble.  The  crops  run  into  each  other.  They  get  their 
wheat  about  September  or  October  and  begin  to  grind  5^  and 
increase  it  to  10'/  in  two  weeks  and  increase  it  to  20V  in  another 
two  weeks,  and  by  the  middle  of  December  they  are  supposed  to 
be  running  new  wheat.  In  1898  there  were  complaints  all  over 
the  country  from  housekeepers,  “What  is  the  matter  with  the 
flours?”  That  was  chiefly  the  complaint  that  was  affecting  the 
northwestern  millers.  And  the  matter  was  that  there  was  simply 
a  larger  amount  of  gluten.  And  that  amount  that  it  required  a 
long  time  to  ferment  in  the  dough.  It  would  require  pretty  nearly 
a  third  of  the  time  longer.  The  miller  does  not  know  that,  but 
he  hears  these  complaints,  and  he,  knowing  that  something  is  the' 
matter,  takes  a  type  of  wheat  that  will  have  more  gluten,  that  is 
“hardened”  wheat,  as  he  terms  it,  and  he  finds  the  complaints 
grow  less,  and  he  uses  softer  wheat  until  lie  reaches  a  point  where 
the  complaints  cease.  Now  that  is  practically  the  miller’s  posi¬ 
tion.  and  considering  all  the  interests  involved  in  milling  I  am 
surprised  that  someone  has  not  taken  up  that  field  in  addition  to 
the  few  in  it  already.  We  need  baking  and  there  is  an  unusual 
demand  for  it,  the  only  difficulty  being  its  application ;  and  it 
takes  time  to  get  into  the  facts — like  some  of  mv  friends  in  the 
mills  out  there  in  Minneapolis.  They  ask:  “Mr.  Chidlow,  what 
do  you  look  for  when  you  go  into  the  mill  ?  What  do  you  want 
to  find  out?”  Perhaps  a  little  survey  of  the  actual  milling  princi¬ 
ple  would  not  be  out  of  place.  Taking  the  Pillsbury  mill,  you  will 
find  they  are  milling  about  12.000  barrels  a  day,  using  an  average 
of  five  bushels  of  wheat  to  the  barrel,  so  that  is  60.000  bushels, 
and  you  can  imagine  that  to  use  that  every  day  for  one  mill  when 
they  have  five  mills  much  smaller  than  that,  and  there  are  other 
concerns  with  five  and  six  mills,  and  that  is  only  half  the  manipu¬ 
lation,  the  Pillsbury  Company  alone  using  something  like  1  ^o.- 
000  barrels  per  day.  That  involves  a  serious  problem  in  the  sup¬ 
ply  of  wheat  without  disturbing  the  market,  so  that  they  have  to 
draw  the  wheat  from  all  sections.  The  Northwestern  mills  have 
denied  using  anything  but  Spring  wheat,  and  down  in  Oklahoma 
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I  see  telegraphic  orders  being  received  from  various  firms  that  I 
knew  well  to  be  shippers  for  all  the  wheat  they  had  on  hand,  and 
those  orders  were  going  into  Oklahoma  and  all  the  other  States 
around  there,  the  Northwestern  mills  being  competitors  with  the 
mills  down  in  that  direction ;  and  if  you  knew  the  kinds  of  wheat 
and  the  kinds  of  flour  produced  in  the  different  wheats,  you  would 
conclude  the  Northwestern  mills  could  not  use  that  kind  of  wheat. 
But  they  are  compelled  to  go  abroad  to  get  supplies  in  this  way, 
and  that  means  that  they  have  got  a  mixture  going  into  their 
rolls  of  some  very  hard  grades  of  wheats  that  are  difficult  to  break 
up  and  others  again  so  soft  that  when  they  receive  the  impact  of 
the  corrugated  rolls  which  are  muffled  for  first  breaking  the  berry, 
they  simply  flatten  right  out  and  break  up  largely  into  flour,  while 
the  harder  berries  resist.  Well  that  is  one  of  the  problems  the 
miller  has  to  contend  with,  and  he  does  not  know  how  to  battle 
with  it  in  a  practical  way.  He  would  know  if  he  knew  some¬ 
thing  of  the  nature  of  the  berry  he  was  battling  with.  The  hard¬ 
est  wheat  to  reduce  is  that  of  the  flour  that  shows  the  highest  per¬ 
centage  of  ash,  and  the  berry  increases  in  its  proportion  of  ash, 
that  is  the  young  sperm  of  the  berry  increases  in  proportion  of 
ash,  from  the  crease  of  the  berry  outward  to  the  bram,  so  that  in 
putting  the  wheat  on  the  rolls  the  millers  first  attempt  to  reduce 
it  by  cracking  it  loosely,  then  to  put  it  over  smaller  rolls  with  the 
wire  differential  to  again  break  the  bram — to  loosen  the  whole 
thing  rather,  so  that  when  it  is  brought  over  smooth  rolls  it  will 
be  reduced  into  flour.  These  granules  of  various  sizes  are  sorted 
and  separated  to  carry  out  all  impurities  and  then  go  over  these 
smooth  rolls.  The  first  flour  to  be  reduced  is  that  near  the  crease, 
and  also  the  flour  from  the  softer  wheats,  the  wheats  that  they 
would  draw  from  Iowa  and  Arkansas  and  Nebraska,  and  the 
harder  wheats  and  the  harder  parts  of  the  soft  wheats  would 
resist  reduction  until  some  of  the  later  rolls.  That  would  entail 
loss  to  the  miller  because  most  of  the  flours  that  he  draws  from 
the  wheat  in  the  first  rolls  or  breaks  he  spreads  as  test  rather  in 
the  crease  of  the  berry,  and  that  is  usually  run  to  low  grades,  to 
dark  flour.  The  latter  part  of  the  wheat  is  known  as  “sifted  tail¬ 
ings.”  They  are  so  hard  to  reduce  that  in  the  mill  they  get  that 
name.  These  sifted  tailings  become  mixed  with  particles  of  bran 
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and  in  the  reduction  of  the  larger  granules  of  the  young  of  the 
sperm  together  break,  but  they  are  the  parts  of  the  flour  that  have 
the  highest  proportion  of  gluten  and  the  highest  ash,  and  while 
I  was  with  the  Pillsbury  Company  there  for  two  years  or  more  we 
had  these  wheats  to  deal  with,  and  the  smoothed  wheats  were 
the  best  wheats  to  deal  with.  The  finest  grades  of  wheat  had  it. 
and  the  only  way  we  could  get  rid  of  that  was  to  wash  it,  and 
it  was  a  serious  problem  to  wash  and  dry  that  wheat,  dealing  with 
that  large  amount,  and  we  could  not  very  well  separate  the  soft 
wheats  from  the  hard,  so  that  the  soft  wheats  became  soaked  with 
water  while  the  hard  wheats  had  just  commenced,  and  the  time 
required  to  dry  the  soft  wheats  would  render  the  hard  wheats  so 
brittle  that  they  would  have  to  be  wet  over  again ;  so  that  the 
miller,  to  get  over  that,  simply  took  the  hard  wheat  off  and  lost 
all  the  flour  from  the  soft  wheats. 

And  it  was  to  attack  some  of  these  problems  that  I  centered 
my  attention  with  the  Pillsbury  Company,  which  we  did  fairly 
successfully.  Well,  now,  all  my  experiments  with  the  mills,  even 
to-day,  are  along  such  lines.  They  are  problems  that  have  to  do 
with  the  different  conditions  and  different  milling  systems  over 
here.  As  an  instance,  in  1890  we  received  a  sample  of  flour  and 
wheat  from  the  Breer  Milling  Company,  Seymour,  Ind.  I  was 
well  acquainted  with  Mr.  Seymour,  and  he  said  in  his  letter:  ‘T 
send  you  by  express  sample  of  new  wheat  and  of  the  flour  that 
they  mill  from  it.  We  shipped  a  lot  of  this  flour  out  a  few  days 
ago  and  it  has  been  returned  to  us  as  being  unfit  for  bread.”  Well, 
I  sent  it  to  the  laboratory  and  at  the  same  time  gave  instructions 
to  make  it  into  bread,  and  we  got  our  bread  sample  and  the  loaf 
was  very  white  and  a  very  close  loaf.  Those  of  you  who  have 
lived  in  the  South-southwest,  Tennessee,  Carolina,  Texas,  will 
remember  some  of  the  bread  you  get  down  there,  a  close,  white, 
small  loaf,  but  very  sweet.  But  this  was  a  very  dark  loaf,  darker 
than  any  kind  of  flour  that  they  could  make  in  the  Northwest,  and 
before  we  got  the  laboratory  results  I  had  ordered  two  or  three 
series  of  bakings,  one  involving  the  use  of  lactic  acid.  I  suspected, 
without  having  any  real  basis  for  it  except  the  knowledge  that 
the  weather  preceding  the  harvest  had  been  very  dry,  that  the  ash 
was  very  high,  and  possibly  that  there  is  the  free  phosphoric  acid 


274  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

in  the  berry,  which  under  normal  conditions  would  be  washed  out 
by  the  rains,  and  by  the  time  we  got  our  chemical  data  we  found 
that  the  use  of  our  lactic  acid  had  remedied  some  of  the  difficulty, 
that  the  bread  had  achieved  its  norffial  color  and  whiteness  and 
lost  some  of  its  unpleasant  flavor  and  was  a  little  larger,  and  at  the 
same  time  our  chemical  data  showed  that  the  ash  was  unusully 
high ;  those  flours  from  that  district,  patent  flours,  run  at  about 
from  33  to  35$  ash — this  one  was  about  45$,  and  then  it  was 
reported  that  this  increase  of  ash  was  largely  free  of  citric  acid. 
There  was  only  one  way  to  get  that  out.  It  would  be  useless  to* 
deal  with  the  flours.  The  wheat  all  through  Central  Indiana, 
parts  of  Ohio,  all  through  Illinois  and  north,  all  through  Missouri, 
was  all  the  same  character.  We  could  deal  with  the  problem 
from  the  consumers’  point  of  view  by  telling  them  what  to  do, 
but  I  thought  that  would  be  all  sorts  of  trouble,  and  I  told  Mr. 
Plass  that  they  would  have  to  soak  that  wheat  sufficiently  long 
so  that  the  water  would  penetrate  to  the  centre  of  the  berry  and 
then  dry  up,  and  the  water,  of  course,  would  take  out  the  soluble 
salts.  Mr.  Seymour  said  they  had  been  milling  down  there  forty- 
seven  years  and  never  had  to  wash  their  wheats  and  never  met 
with  that  difficulty.  They  would  never  wash  those  wheats  in  any 
of  the  soft  wheat  districts.  They  have  had  to  wash  them  often  in 
the  hard  wheat  districts,  chiefly  because  of  the  chaff.  I  had  some 
experience  in  washing  wheats  in  India.  They  are  so  careless  with 
milling,  and  the  natives  are  anxious  to  put  a  few  pounds  of 
granules  of- mud  in  with  their  wheat  to  sell  as  wheat,  so  that  much 
of  the  wheat  had  to  be  washed  there ;  and  we  had  a  very  similar 
problem  to  deal  with  in  India  some  twenty-two  years  ago.  So 
Mr.  Plass  at  first  refused  to  carry  out  that  plan.  He  said  it  in¬ 
volved  so  much  trouble  and  expense.  It  involved  the  erection  of 
tanks  and  bins  to  store  their  wheat,  taking  at  least  eighty  hours, 
and  he  finally  came  up  to  us  and  we  treated  some  of  the  wheat  that 
way  and  ground  some  of  it  into  flour  and  then  he  tested  it ;  that, 
though,  was  the  only  perfect  flour,  and  I  believe  most  of  the  mills 
followed  his  example  for  that  year.  I  never  met  a  problem  like 
that  before.  There  are  problems  every  year,  though,  often  down 
in  that  very  grade,  problems  every  year  that  vary  and  in  many 
cases  are  dealt  with  bv  the  miller  in  a  more  or  less  uncertain  fash- 
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ion ;  that  is,  he  will  experiment,  and  finds  by  milling  this  way  he 
decreases,  and  milling  another  way  he  increases  his  difficulty,  and 
finally  reaches  a  medium  of  results  which  he  adheres  to.  But 
most  of  them  will  lose  in  the  milling. 

Another  instance  of  the  way  that  these  things  occur  in  the 
mill  came  under  my  notice  in  Kansas.  I  went  through  all  the 
hard  wheat  districts  in  September  and  October  of  last  year  to 
determine  the  nature  of  the  crop,  to  advise  our  firm  as  to  buying. 
I  came  to  a  mill  in  South-central  Kansas  milling  extremely  good 
flour,  and  in  going  through  the  mill  with  the  proprietor  I  took 
some  of  the  orfuls  bran  in  my  hand.  I  said,  “Are  you  milling  in 
your  usual  way?”  He  said,  “Yes;  is  there  anything  unusual  about 
this  bran?”  I  said,  “Why,  it  seems  to  me  you  have  a  great  deal 
of  flour  on  there.”  “Well,”  he  said,  “we  are  milling  just  the  same 
as  usual.”  I  took  a  sample  of  the  bran,  and  when  I  reached  Pitts¬ 
burg  I  made  a  determination  of  the  amount  of  flour  deducted  to 
the  bran  there,  which  was  32$  of  the  bran ;  32$  of  the  use  of  the 
bran  was  flour.  The  average  flour  on  average  bran,  when  I  was 
in  Minneapolis,  was  about  15$,  and  I  instituted  methods  for  the 
Pillsbury  Company  which  brought  that  down  to  about  5^,  and  I 
think  that  is  about  what  most  of  the  Northwestern  mills  now  run. 
Now  this  mill  had  32$  of  flour  on  its  bran,  that  is  on  the  coarse 
flake  bran,  and  then  on  the  fine  bran  there  is  still  more  flour 
escapes,  so  that  they  were  probably  losing  20$  of  the  weight  of  the 
bran,  or  20^  or  30^  of  flour  by  that  method  of  milling.  When  I 
communicated  that  to  the  man  and  figured  it  out  as  to  the  amount, 
he  came  up  to  Pittsburg  and  wanted  to  know  where  he  could 
get  a  man  that  would  go  down  and  check  up  their  results.  It  is 
only  in  cases  like  that  that  the  miller  is  able  to  find  out  just  where 
he  can  make  use  of  chemistry  in  milling,  but  the  problem  of  the 
miller  is  a  very  small  one  compared  with  that  of  the  baker.  Every 
variation  in  flour  brings  about  a  variation  in  the  bread.  In  order 
to  produce  a  loaf  of  bread,  using  so  much  yeast,  temperature  and 
flour  for  each  loaf,  if  we  take  a  range  of  flours  that  are  milled 
this  side  of  the  Rockies  they  would  range  from  about  (yoi  of  the 
mean  amount — the  mean  being  the  standard  Northwestern  flours, 
“Pillsbury,”  “Gold  Medal,”  etc.,  ranging  from  about  63  to  65^ 
and  up  to  130^ ;  that  is,  if  we  should  have  to  use  either  that  per- 


2 76  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

centage  of  time  or  that  percentage  of  yeast,  as  compared  with  the 
normal  amount.  The  average  amount  of  yeast  used  is  about  two 
pounds  per  barrel  for  a  fomented  period  of  six  hours.  If  we  were 
working  with  a  flour  of  normal  character  we  would  use,  then, 
six  hours  and  two  pounds  of  yeast  to  the  barrel.  If  we  had  a 
flour  that  required  20$  more  fermentation  we  should  have  to  use 
either  20^  more  yeast  or  20$  more  time.  It  would  throw  all  our 
work  out  of  harmony  with  the  general  run  of  the  factory,  and 
if  we  used  that  much  more  yeast  it  is  that  much  more  cost  to  us. 
But  suppose  we  did  not  know  that  we  had  to  use  that,  our  diffi¬ 
culty  would  be  still  greater ;  we  would  not  know  what  was  the 
matter  with  the  bread.  Well,  there  is  not  only  this  difficulty  with 
the  flour,  but  fats.  All  bakers  now  use  fats  of  some  kind, — lard, 
butter,  cotton-seed  oil,  coacoanut  oil,  a  number  of  other  mixtures, 
beef  fats ;  cottolene  is  used  to  some  extent,  but  every  one  of  these 
fats  affect  flours  differently.  If  lard  is  used  with  the  average 
flours  under  usual  normal  conditions,  about  20$  of  it  is  broken 
up  into  fatty  acid  and  glycerine.  That  will  break  up  the  load, 
which  is  large,  closer,  finer  in  texture,  and  allows  the  loaf  to  spring 
up  much  more.  Another  shortening  oil,  such  as  cotton-seed  oil 
and  coacoanut  oil,  with  standard  flours,  would  not  break  up  at 
all.  We  would  be  able  to  recover  all  of  the  fat  as  fat  and  not  as 
the  fatty  acid,  and  in  that  case  fermentation  is  considerably  de¬ 
layed  ;  the  mixture  of  the  dough,  as  compared  with  other  doughs, 
standard  doughs,  would  be  delayed  perhaps  from  30  to  50 A  and 
the  loaf  is  very  much  smaller,  the  texture  is  coarse,  the  loaf  is 
dark,  it  dries  out  rapidly  on  account  of  the  coarseness,  and  one 
feature  of  it  is  that  as  the  loaf  dries  out  it  brings  the  fat  to  the 
surface,  so  that  rubbing  your  hand  over  the  crust  it  becomes 
equally  greasy.  Yet  these  fats  are  good  for  some  other  flours  that 
just  want  that  kind  of  treatment.  For  milks  again,  the  normal 
old  milk  nearly  always  reduces  the  size  of  the  loaf  as  compared 
with  the  loaf  made  with  water.  It  reduces  the  size,  it  makes  the 
loaf  dry  out  quickly  after  it  is  baked,  it  keeps  it  impure,  as  com¬ 
pared  with  a  certain  standard,  and  yet  again  there  are  some  flours 
that  the  milk  has  an  entirely  different  effect  upon,  and  the  milk 
often,  a  very  small  amount,  will  establish  a  flavor  rapidly,  whereas 
a  large  amount  in  the  same  kind  of  flour  will  cause  a  cheesy  effect. 


CHEMICAL  SECTION*. 


277 


unpleasant  and  destroying  the  good  flavor  of  the  dour.  The  prob¬ 
lems  throughout  are  exceedingly  complex.  I  had  occasion  to  talk 
with  Dr.  Wile  some  little  time  ago  regarding  the  introduction  of 
the  macaroni  wheats  and  I  advised  him  to  put  one  of  their  men 
upon  the  chemistry  of  dours,  macaroni  hours  especially,  with  a 
view  to  determining  the  methods  bv  which  they  should  be  used 
outside  of  their  use  for  macaroni  and  also  to  determine  the  chem¬ 
istry  of  macaroni  manufacturing  processes,  because  they  are  com¬ 
plex,  too.  We  had  some  experience  with  them  in  Washington 
this  time  last  year.  We  found  that  if  we  made  a  dough  with 
macaroni,  just  with  water,  stiff  dough  which  is  used  for  making 
macaroni,  that  if  we  worked  the  dough  very  much  it  became  very 
short.  If  we  worked  it  a  little,  just  sufficiently  to  mix  it  well,  it 
was  exceedingly  tough  and  resisted  being  drawn,  the  bread  con¬ 
taining  about  i6tf  of  gluten.  If  the  dough  was  worked  very  much 
it  became  very  short  and  broke  with  very  little  effort,  but  worked 
still  more  it  became  tough  and  elastic  and  a  piece  of  dough  as  large 
as  the  hand  could  be  drawn  out  to  the  other  end  of  the  room  there 
without  breaking.  A  number  of  complex  changes  must  take  place 
in  just  the  mixing  of  the  dough,  no  alteration  in  the  temperature, 
simply  an  alteration  apparently  of  the  amount  of  air  included.  In 
the  Ward-Mackey  Bakery  and  the  Wrad-Collev  Plants  in  St.  Paul 
we  employ  a  special  mixer  for  incorporating  air  into  dough.  We 
blow  air  while  the  doughs  are  being  mixed  with  a  view  of  giving 
them  an  excess  of  oxygen.  If  we  carry  out  that  process  under  our 
conditions  long,  the  mixing  and  the  blowing  of  air  into  the  mixer, 
for  say  twenty-five  minutes,  we  achieve  maximum  elasticity  in  the 
dough.  If  we  carry  it  on  for  thirty  minutes  the  dough  becomes 
quite  soft,  and  if  we  run  it  for  sav  forty-five  minutes  it  becomes 
soft,  elastic  and  cohesive,  and  more  like  a  dough  that  would  be 
made  with  starch  and  soft  dough.  While  if  that  dough  is  mixed, 
for  say,  twenty-five  minutes,  it  is  stiff,  and  if  cut  with  a  knife 
would  stand  solid  or  a  straight  wall  for  ten  minutes,  but  bv  con¬ 
tinuing  the  beating,  the  dough  becomes  quite  soft  and  mushv  in 
character.  From  that  you  can  easilv  imagine  that  the  changes 
that  take  place  there  are  unusual,  and  we  don’t  know  yet  what  it 
is  that  takes  place  there.  Last  year  I  had  a  special  sample  made 
and  passed  through  carbon- dioxide ;  we  found  that  those  changes 
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took  place,  just  as  in  the  presence  of  oxygen  gas,  but  that  they 
took  place  slower.  We  collected  some  of  the  gases  that  came  from 
the  mixture  to  see  if  there  was  any  change  in  them,  but  we  could 
not  discern  any  in  them ;  I  guess  we  did  not  go  sufficiently  far. 
We  used  nitrogen  in  them  and  found  that  our  changes  went  on 
just  as  before,  except  that  they  took  still  longer  time.  We  used 
lower  oxygen  and  found  that  our  maximum  stiffness  took  about 
three  minutes.  The  dough  broke  down  very  rapidly,  so  from  that 
tendency  I  inferred  that  it  is  a  character  of  exstation  and  probable 
hydration.  This  change,  however,  is  not  at  all  uniform.  It  will 
vary  with  every  flour  that  we  use  that  varies  from  a  given  stand¬ 
ard.  That  standard  is  really  the  amount  of  dry  gluten,  and 
would  be,  say,  about  12#,  and  where  the  proportion  of  the  gluten 
would  be  somewhere  about  65$  dry  gluten  and  the  flours  35$ 
gluten — all  flours  vary,  even  the  gluten  rather  varies  in  the  con¬ 
stituent  amount  of  gluten  and  glutanic  it  contains ;  it  varies  in  the 
time  that  this  achieves  maximum  stiffness  as  a  dough,  and  this 
again  varies  apparently  with  the  proportion  of  ash.  That  is,  if 
we  get  66c/i  gluten  in  a  flour  having  .45  ash,  and  take  another  flour 
with  the  same  proportion  of  gluten,  with  a  little  higher  ash,  this 
maximum  stiffness  will  approach  30^.  That  is,  it  will  take  about 
fifteen  minutes  to  bring  it  about.  Now  we  have  an  easy  way  of 
adding  the  ash  to  the  flours,  because  they  are  what  I  have  said 
about  milk,  which  affects  doughs  variably.  That  is,  the  gluten 
seems  to  take  up  the  ash  of  the  milk  in  some  way,  because  we 
can't  separate  that  ash  except  by  chemical  methods.  It  combines 
with  one  of  the  constituents  of  gluten,  gliodine,  and  forms  a  com¬ 
pound  ;  then  as  it  approaches  maturity,  the  aromatic  acid  being 
formed,  which  gradually  combines  with  the  ash  separated  from 
the  milk,  so  that  the  gliodine,  that  is  the  gliodines  that  are  com¬ 
bined  with  the  ash  of  milk,  becomes  gliodine  again ;  that  is,  it 
changes  into  glutanic  with  the  condition  of  the  milk,  and  changes 
back  into  its  original  form  upon  the  formation  of  the  normal  acids 
of  the  dough.  All  these  are  inconstant.  They  are  never  the  same. 
The  acid  product  of  the  dough  is  never  constant.  Some  times  the 
proportion  of  lactic  acid  may  be  90  to  95$,  but  other  times  it  will 
reach  from  60  up  to  95$.  So  that  these  acids  have  the  mastery  of 
the  dough  at  a  different  ratio.  The  lactic  acid  effects  the  dough 
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badlv.  and  altogether  dough  affects  the  acid  badly  sometimes. 
Out  of  about  half  of  calculated  in  the  dough,  the  total  acid, 
probably  75^.  is  taken  up  by  the  gluten  to  form  gliodine  and  mak¬ 
ing  the  dough  elastic  and  giving  it  that  stiffness  so  that  it  will 
spring  in  the  oven  under  the  expansion  of  the  expanding  gases. 
So  far,  I  believe,  the  Ward-Mackey  and  the  Ward-Colley  Baker¬ 
ies  have  been  the  only  ones  in  the  world  to  put  some  of  these  appli¬ 
cations  to  commercial  test,  although  some  of  my  old  pupils  have 
taken  up  the  general  question  of  the  technology  of  flours  for  work- 
in  the  laboratory  that  might  determine  some  of  the.  immediate 
properties  of  the  flours  that  they  are  buying  and  using,  but  they 
have  never  gone  far  enough  into  it.  never  cared  to  put  in  the  time 
to  attack  the  problems  of  their  bakery  from  the  chemical  stand¬ 
point.  They  have  dealt  with  it  rather  as  a  technical  point,  have 
preferred  to  leave  the  chemical  side  to  someone  else  who  has  more 
time.  .  So  that  if  any  question  came  up  involving  more  research, 
then  they  had  the  knowledge  to  carry  it  out,  but  usually  they  turn 
it  over  to  me  or  to  someone  who  is  working  with  me. 

I  dare  say  from  what  I  have  said  you  can,  to  some  extent, 
measure  the  difficulty  I  have  in  putting  these  questions  before  you, 
unless  I  attack  one  of  them,  seeing  that  there  has  been  so  little 
done  upon  the  chemistry  of  bread-making  outside  that  connected 
-with  fermentation.  One  of  the  most  interesting  problems  we  have 
had  to  deal  with  this  year  is  brought  so  close  to  the  question  that 
has  been  interesting  our  geologists  for  a  number  of  years.  In 
determining  the  formation  of  the  acids  one  of  the  first  questions 
that  we  have  met  with  was  in  going  through  the  regular  analvsis 
of  breads  and  doughs,  the  gradual  decrease  of  fat.  That  question 
has  been  taken  up  by  Dr.  Woods,  of  the  Maine' Experimenting 
Station,  and  also  bv  Yorace.  of  New  Tersev.  and  I  think  Harrv 
Snyder,  of  Minnesota,  and  they  had  all  experienced  this  difficult  v 
lof  accounting  for  the  loss  of  fat,  but  they  lightened  the  question 
to  some  extent  by  assuming  that  it  was  a  glutoff.  In  going  over 
the  proportion  of  the  acids  found  we  found  some  that  we  could 
not  account  for.  and  in  making  our  determinations  for  the  fat  we 
found  we  usually  lost,  and  it  occurred  to  me  that  the  additional 
acid  that  we  could  not  account  for  could  lx?  sought  for  in  the  loss 
-of  the  fat ;  so  we  determined  the  glycerine  in  the  flour  and  in  the 
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doughs  of  those  that  fermentation  had  been  going  on  in,  and 
found  that  under  certain  conditions,  where  the  formation  of  lactic 
acid  was  prevented  to  some  extent  by  using  a  higher  conductor  for 
the  doughs,  that  the  conductor  was  more  favorable  to  the  yeast 
than  to  lactic  acid  bacteria.  We  found  that  a  yeast  desiring  the 
acid,  if  same  was  taking  the  effect,  broke  it  up  to  get  the  fatty 
acids.  Just  how  the  yeast  does  come  to  make  use  of  that  I  don't 
know,  because  if  we  put  these  same  acids  to  a  dough  we  prevent 
fermentation  going  on.  If  we  put  the  amount  of  fatty  acid  to  the 
dough  that  we  find  broken,  as  decomposed  fat,  we  prevent  fer¬ 
mentation  ;  that  is  especially  true  of  bacteria  acid.  If  we  put 
about  65$  bacteria  acid  we  stop  fermentation  entirely,  and  yet  if 
we  put  butter  in  bread  we  find  four  times  that  amount  of  bacteria 
acid  present.  And  so  it  occurred  to  me,  then,  that  probably  this 
fatty  acid  was  taken  up  by  some  constituent  of  the  dough,  which 
in  turn  released  some  other  acid,  which  was  used  by  the  yeast 
for  functioning.  As  a  part  of  that  work,  which  we  are  going  on 
with  just  now,  we  found  that — probably  you  are  acquainted  with 
the  work  performed  by  Mr.  Taylor  in  Arkansas,  in  which  he 
showed  the  disposition  of  nitrogen  in  the  growing  crop.  The 
nitrogen  in  the  proteid  form  was,  of  course,  largely  gluten,  con¬ 
sisting  of  gliodine  and  glutanic.  In  the  flours,  normally  they  ex¬ 
isted  in  the  wheats  that  he  was  dealing  with ;  they  existed  in  the 
proportion  of  about  75  gliodine  and  25  glutanic.  In  the  beginning 
of  the  formation  of  the  berry,  the  proportion  of  glutanic  is  ex¬ 
tremely  high,  that  is,  it  runs  up  to  about  90$  of  the  total  nitrogen. 
As  the  maturity  of  the  berry  is  approached  the  percentage  of 
gliodine  rises  rapidly  until  the  proportions  change  places,  so  that 
where  at  the  beginning  of  the  formation  of  the  berry  the  propor¬ 
tion  of  gliodine  is  very  low,  at  the  end  of  the  growing  season  the 
proportion  of  gliodine  is  very  high.  If  we  add  acid  to  doughs, 
make  a  dough  with  water,  adding  acid  to  it  neutralizes  it  and 
makes  an  alcoholic  solution  in  which  the  proportion  of  gliodine 
has  increased.  If  we  add  acid  to  the  dough  and  ferment  it,  we 
find  that  stimulates  maturity,  that  is  that  the  same  condition  is 
produced  as  though  we  had  fermented  it  longer.  And  one  of  the 
most  surprising  results  achieved  in  these  tests  was  that  while  the 
regular  acid  is  baked  from  say,  11  to  12/iooths  per  cent.,  if  we 
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added  12/iooths  per  cent,  of  lactic  acid  and  fermented  that  the 
same  time  our  loaf  was  lower  than  the  acid  normally  in  the  loaf, 
that  is,  we  should  have  an  acid  equal  to  24/ iooths,  that  is  the  acid 
formed  under  normal  formation  was  less  than  the  12/iooths  that 
we  added ;  but  we  found  that  when  we  added  these  acids  equal  to 
that  which  was  formed,  the  acid  of  the  loaf  was  lower  than  any 
we  did  put  in.  We  got  from  io/iooths  to  11/iooths,  but  we  had 
as  a  result  a  loaf  that  was  fermented  much  beyond  the  usual  stage, 
and  that  would  mean  that  we  had  practically  matured  the  loaf 
by  the  formation  of  gliodine  at  the  expense  of  glutanic,  and  fol¬ 
lowing  the  doughs  through,  we  find  that  they  took  place  with  those 
that  our  proportion  of  gliodine  was  increased  by  adding  several 
proportions  of  acid.  It  would  appear  then  from  the  whole  series 
that  we  undertook,  and  considering  them  in  the  light  of  Mr. 
Taylor’s  experiments  on  wheat,  and  the  light  of  some  other  works 
outlined  by  Dr.  Woods,  Washington,  in  charge  of  the  Bureau  of 
Plant  Physiology,  that  the  formation  of  gliodine  is  practically  an 
acid  formation,  an  acid  albumenate,  where  the  glutanic  of  the 
gluten  is  either  an  alkoline  or  a  neutral  alkoline  albumenate. 
because  it  is  quite  easy  for  us  to  change  them  from  either  in  a 
dough  or  by  the  addition  of  acids  as  I  have  stated  ;  but  if  we  would 
bring  in  these  conditions  milk,  where  we  have  not  frequently  used 
it,  these  changes  would  take  place,  or  they  do  not  take  place  anv- 
wav  until  the  ash  of  the  milk  has  been  combined  as  a  lactate,  or 
some  other  form  as  an  acidic  salt  of  the  acids  formed  in  the  dough. 
There,  is  still  a  further  problem.  As  a  part  of  the  work  which  we 
wish  to  carry  out  in  conjunction  with  the  Department  of  Agricul¬ 
ture,  they  aiked  us  to  use  some  of  the  macarotii  wheat  flours  in 
order  to  create  a  demand  for  them.  They  wanted  to  stimulate  the 
growth  of  these  wheats  because  the  added  lands  in  the  Western 
Dakotas,  Nebraska  and  Kansas  could  produce  from  twentv  to 
twenty-five  bushels  of  this  macaroni  wheat  and  could  only  produce 
from  five  to  seven  bushels  of  the  other  wheats,  and  that  meant  a 
whole  lot  to  them,  but  the  millers  complained  against  it  because  it 
was  a  very  hard  berry  and  the  bakers  could  not  use  it,  and  so  the 
Department  asked  us  to  see  whether  we  could  not  use  it,  and  if 
we  used  it  in  sufficient  amounts  they  would  send  down  a  man  and 
get  out  a  bulletin  on  it.  Well,  we  got  five  and  ten  bushel  lots  from 
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all  the  mills  milling  it  in  the  various  sections  and  found  that  the 
same  complex  difficulty  came  up  that  I  have  before  referred  to  in 
this  ash  question.  Under  the  usual  conditions  those  flours  would 
mature  in  a  little  longer  time,  perhaps  10/  longer  time,  than  our 
normal  Northwestern  flours,  but  under  the  conditions  that  we  were 
making  them  and  using  ample  refined  cotton-seed  oil,  we  found 
that  they  gave  us  less  difficulty  and  that  we  could  not  use  them  at  all 
any  other  way.  It  was  not  simply  a  question  of  using  more  yeast, 
it  was  rather  a  question  of  time,  and  a  very  long  time.  We  are 
manufacturing  down  in  the  Ward-Mackey  Bakeries  seventv-two 
doughs  daily,  of  about  800  pounds  of  flour  in  each,  and  there  is  a 
very  large  room  that  these  doughs  are  in,  and  taking  ordinarily 
busy  days  we  require  all  of  our  tanks  and  pretty  nearly  all  the 
room.  On  Fridays  we  require  all  of  it.  We  only  run  those 
doughs  six  hours.  If  we  use  those  macaroni  wheat  flours,  it 
would  compel  us  to  carry  those  doughs  for  ten  hours  anyway. 
We  found  that  if  we  used  more  yeast  the  doughs  would  still  re¬ 
main  tough,  that  is,  there  had  to  be  formed  the  amount  of  acid 
necessary  to  overcome  something  like  56/100/  ash,  where  we  had 
been  usually  dealing  with  45/100.  And  we  had  to  overcome  this 
amount  of  ash,  and  it  also  combined  so  slowly  that  it  would  not 
take  it  up  as  fast  as  it  was  formed.  We  had  to  allow  fermentation 
to  go  on  at  the  slow  rate  in  order  to  bring  about  this  one  position 
of  the  ash  combined  with  the  gluten ;  so  that  so  far  as  this  past 
season  is  concerned  we  have  had  to  give  up  using  it  altogther, 
although  I  think  that  if  next  year  there  is  a  considerable  amount 
of  it  grown  we  will  see  if  we  can't  use  acids  on  it  direct. 

In  outlining  some  of  these  difficulties  and  problems  in  connec¬ 
tion  with  bread-making  and  milling,  I  do  not  want  you  to  under¬ 
stand  that  this  kind  of  work  is  being  done  everywhere.  Up  until 
1895  and  1896  a  large  bakery  was  impossible  except  to  the  extent 
that  a  man  could  get  personal  supervision  over  the  entire  busi¬ 
ness.  To-day  men  who  simply  manage,  but  in  most  shops  are 
supposed  to  be  the  technical  men  as  well,  are  getting  from  $50  to 
S60  per  week,  and  they  are  sought  for  as  gold  mines,  at  that. 
They  have  no  knowledge — I  am  perfectly  safe  in  stating  that  95$ 
of  the  foremen  of  all  the  bake-shops  of  this  country  do  not  know 
there  is  such  a  thing  as  gluten  in  the  flours,  and  if  you  spoke  to 
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them  about  starch  flours  they  would  not  understand  it,  and  you 
know.  I  suppose,  from  your  own  reading  that  there  is  a  good  deal 
of  ignorance  in  many  cases,  about  the  mixture  of  it  or  even  the 
composition  of  flours.  Some  years  ago  I  had  the  question  up  with 
Dr.  W  iley  regarding  some  of  the  sugars  in  German  wheat,  and  it 
came  about  in  the  course  of  his  discussion  with  me  that  he  thought 
the  average  amount  of  sugar  in  Northwestern  flours  ran  about 
i^f.  Well,  the  time  I  was  in  the  manufactures  I  never  tested  a 
sample  of  wheat  that  contained  less  than  4^.  And  he  said,  “Well, 
now  you  send  11s  some  of  the  wheat  out.'’  So  we  sent  it,  and  he 
said,  “Well,  that  is  all  we  find,  1^  to  \\ic. "  “Well,”  I  said,  “It  is 
my  place  and  I  have  not  the  time  and  probably  not  the  ability  to 
go  into  the  question  of  sugars,  but  I  know  there  is  that  much  sugar 
present,  because  even  if  we  wash  it  out  we  get  a  certain  exception 
for  it,  and  if  we  put  this  extract  of  flour  we  get  another  expan¬ 
sion  equal  to  it,  and  we  know  by  other  means  that  there  is  4V  of 
sugar.”  Well,  since  then  he  has  told  me  that  they  have  found 
3J  to  4^,  and  I  guess  you  know,  from  the  text-books,  that  many 
of  them  refer  to  the  reduction  of  starch  and  formation  of  sugars 
from  the  sugars  into  alcohol  and  carbo-dioxide.  Well,  in  my  ex¬ 
perience  with  the  present  yeast  I  do  not  think  there  is  a  grain  of 
starch  touched  in  fermentation.  The  moment  the  sugar  is  used 
the  dough  is  packed  under  and  won't  rise  again  unless  it  lies  so 
long  that  bacteria  will  then  begin  to  act  upon  the  starch  long  after 
the  sugar  is  consumed  with  the  bacterial  action  of  the  starch,  a 
reduction  in  the  texture,  and  to  some  extent  the  texture  in  the 
sugar  takes  place.  One  of  our  students — we  have  some  students 
there  in  the  laboratory  with  us — made  a  determination  of  the 
amount  of  sugar  required  to  ferment  the  doughs  recently.  He 
took  sixteen  doughs  and  determined  the  volume  of  CO-  formed  up 
to  the  time  the  doughs  reached  the  punch,  and  it  came  up  to  9} 
pounds  of  sugar  for  14  bushels  of  ash  in  CO=.  Then  we  would 
require  at  least  two  pounds  more  to  give  fhe  gas  for  the  other 
operation  ;  that  is  the  time  it  went  out  to  the  punch,  etc.,  so  that 
there  is  not  less  than  10  pounds  of  sugar  for  that  amount ;  that 
would  be  about  2\  pounds  to  the  bushel  used  for  a  proportion  of  the 
dough.  Of  course  part  of  that  is  used,  probably  i|  pounds,  for 
the  formation  of  acid,  lactic  acid  chieflv.  So  the  current  views 
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upon  the  changes  in  the  dough  are  not  at  all  clear  nor  in  accord¬ 
ance  with  the  facts  at  all.  Probably  in  some  of  the  very  old  pro¬ 
cesses,  when  bakeries  used  to  make  their  own  yeast,  which  was 
largely  a  mixture  of  bacteria,  chiefly  lactic  acid,  completed  by 
fedoric  (?)  acid,  comprising  bacteria  and  amillo  bacteria,  but 
when  they  foimed  that  way  most  of  the  fermentation  from  the 
starch  took  place  as  a  result  of  the  minor  fermentation,  not  of  the 
true  alcoholic  fermentation  at  all.  It  was  rather — well,  what 
would  be  considered  now  a  deceased  fermentation.  It  would  not 
give  normal  bread. 

I  am  wandering  over  a  big  field,  and  I  do  not  know  that  I 
am  wise.  I  think  I  have  said  just  enough  to  show  that  there  are 
some  difficulties  and  about  where  we  are  at.  I  should  liked  to  have 
presented  the  matter  in  a  more  definite  form,  but  I  am  pretty 
crowded  for  time,  and  when  Mr.  Maury  asked  me  to  take  up  the 
question  I  hesitated,  because  I  found  that  I  could  not  possibly  get 
the  time  and  I  am  crowded  for  all  we  can  get  in  down  there.  I 
have  my  own  duties  in  connection  with  the  bakeries,  and  I  am 
filled  in  with  a  good  deal  of  outside  work  and  am  carrying  on 
some  special  researches.  And  I  have  to  control  those  bakeries 
1,000  miles  away,  and  it  complicates  our  work  considerably  be¬ 
cause  wre  are  arranging  our  dough  for  a  given  percentage  of  milk, 
and  if  they  bring  water  in  it  it  means  that  our  doughs  are  going 
to  be  gotten  ready  earlier  than  we  have  designed.  We  have  kept 
up  a  pretty  high  record,  a  better  record  outside  of  Pittsburg 
than  we  have  inside.  I  don’t  know  that  I  care  to  go  on  any 
further  unless  you  want  me  to  answer  some  questions.  I  am  very 
much  obliged  for  your  attention. 

Chairman — Gentlemen :  You  have  listened  to  the  very  in¬ 
teresting  address  of  Mr.  Chidlow  and,  as  he  said,  he  is  ready  to 
answer  any  questions.  The  subject  is  open  for  discussion.  Air. 
Stahl,  have  you  anything  to  say? 

Dr.  Stahl — I  would  like  to  ask  whether  the  bread-makers 
have  as  much  trouble  with  their  yeast  as  the  brewers  sometimes 
are  said  to  have  ? 

Prof.  Ci-iidlow — Well,  yes ;  they  have  quite  a  good  deal  of 
trouble,  but  I  don’t  think  it  affects  the  baker  to  the  same  degree. 
Of  course  we  test  the  yeast  every  day,  but  we  test  it  chiefly  for 
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its  strength.  It  varies  in  gas  production  from  about  83#  of  the 
standard  to  about  125^.  That  means  that  we  have  to  arrange  the 
amount  used  each  day. 

Dr.  Stahl — That  is  you  simply  test  it  with  sugar. 

Prof.  Chidlow — Well,  we  test  it  both  ways,  with  sugar  and 
in  dough.  In  the  sugar,  that  determines  the  amount  of  bacteria 
infection,  but  that  don’t  determine  the  quality  of  the  bacteria :  and 
in  our  dough  tests  we  use  a  very  small  amount,  200  drams  of  dour, 
and  determine  by  the  ratio  of  expansion  in  the  dough,  that  is  under 
the  conditions  we  are  using  it.  But  usually  we  don’t  attempt  to 
determine  the  quality  of  the  bacteria  except  under  some  special 
conditions,  but  as  a  rule  we  have  very  little  difficulty  except  as  I 
have  said  from  variation  of  strength.  The  distiller,  so  far,  has 
not  got  any  exact  method  of  adding  an  equal  amount  of  starch 
and  water  every  time  he  makes  it  up,  so  that  they  have  a  variation 
of  starch  and  water  every  time;  otherwise  it  is  about  uniform. 

Dr.  Stahl — Another  matter  you  spoke  of,  free  phosphoric 
acid  in  the  grain.  I  suppose  you  meant  the  acid  phosphate. 

Prof.  Chidlow — Yes,  I  mean  an  acid  phosphate;  that  is,  free 

acid. 

Dr.  Stahl — What  sort  of  straw  and  berry  has  the  macaroni 
wheat  ? 

Prof.  Chidlow — It  has  a  large  coarse  straw,  and  the  most  of 
the  macaroni  berry  is  very  hard,  flinty  and  of  the  same  size  as  the 
other.  Some  of  it  is  the  same  size,  but  the  average  macaroni 
wheat  is  about  double  the  size  of  the  white  grain,  double.  It  is 
very  hard,  though  it  usually  looks  and  is  something  like  loose 
wheat.  That  is  called  macaroni  wheat  because  it  is  used  for 
making  macaroni.  That  wheat  comes  from  Crimea,  Russia. 

Mr.  Snydf.r — What  is  the  proper  temperature  for  baking 
bread  ? 

Prof.  Chidlow — The  baking  temperature  depends  upon  the 
size  of  the  loaf.  Taking  an  average  loaf,  about  400  Fahrenheit. 

Mr.  Snyder — About  how  long  does  it  take? 

Prof.  Chidlow — Twenty-five  minutes  for  a  one-pound  loaf. 

Dr.  Stahl — I  thought  it  was  only  about  105  Centigrade, 
that  is  the  loaf  itself. 

Prof.  Chidlow — The  loaf  itself  never  reaches  even  100 
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Centigrade.  Most  of  our  bread,  that  is  the  usual  household  loaf,, 
we  hake  at  about  400  F.,  with  the  center  of  the  loaf  about  209  to 
210  Fahrenheit.  Practically  the  loaf  is  done  when  the  starch  gela¬ 
tinizes.  I  have  never  seen  a  loaf  get  as  high  as  the  boiling  point 
of  water  unless  it  over-baked. 

Mr.  Babbit — What  weight  of  CO2  is  given  out  in  the  fer¬ 
mentation  of  sugar ? 

Prof.  Chidlow — Well,  it  is  about  half.  The  dextrine  of  the 
veast  is  not  fermentable.  The  amount  of  starch  ferments  all  the 
way  through. 

Mr.  Babimt — Is  there  any  good  method  for  determining  the 
amount  of  starch  in  dextrine,  that  is  what  is  the  percentage  of 
starch  used  in  the  dextrine  ? 

Prof.  Chidlow — Well,  I  guess  the  dextrine  being  soluable 
in  water  would  spread  or  filter  through. 

Mr.  Babbit — That  would  take  three  or  four  days.  How 
would  this  method  strike  you?  I  dissolve  known  weights  of 
starch  in  equal  amounts  of  water  and  I  found  the  colors  were  not 
the  same.  The  balance  of  the  starch  was  a  sort  of  purple  with  the 
dextrine.  The  blue  tint  corresponded  in  intensity  to  between  3 
and  5#  in  the  starch.  Would  that  be  a  probable  ratio? 

Prof.  Chidlow — Yes,  that  would  probably  be  a  little  bit  low. 

Mr.  Babbit — Well,  I  could  not  compare  colors.  I  could  only 
compare  the  intensity. 

Prof.  Chidlow — In  Minneapolis  we  determined  all  our 
starch  by  weights  of  extracts.  We  determined  the  weight  of  our 
soluable  extract  and  then  boiled  our  starch,  flour,  wheat  or  offals, 
and  then  add  a  given  amount  of  cold  water  extract  of  malt  of  a 
known  intensity  with  our  boiled  starch  at  a  low  temperature,  run¬ 
ning  between  130  and  140  Fahrenheit,  and  then  filter  that  out  for 
one-half  hour  and  take  the  intensity,  and  we  have  failed  to  get 
within  a  quarter  of  1$  of  starch.  If  we  could  not  get  within  \<f> 
we  would  be  misleading  the  mills  and  could  not  check  up  their 
results.  We  used  to  do  that  very  rapidly.  We  would  have  to  get, 
with  three  of  us  in  the  laboratory,  reports  of  about  sixty  determina¬ 
tions  of  starch,  sixty  samples  from  eight  to  nine  and  until  twelve 
o’clock,  so  that  it  was  very  necessarry  for  11s  to  work  quickly,  and 
that  was  our  quickest  method. 
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Chairman — Any  further  questions? 

Prof.  Chidlow — I  would  like  to  invite  some  of  you  gentle¬ 
men  down  any  time  you  are  at  leisure  to  our  laboratory  and 
bakery  and  see  what  we  are  doing.  We  are  located  on  Thirty-first 
and  Liberty.  1  am  away  a  good  deal,  so  that  I  would  like  to  know 
before  hand,  so  that  I  would  be  there.  I  have  only  been  in  the 
laboratory  about  three  o*  four  hours  this  week. 

Mr.  Cross — I  move  that  we  extend  a  vote- of  thanks  to  Prof. 
Chidlow  for  his  kindness  in  presenting  to  11s  this  evening  his 
valuable  address. 

Dr.  Stahl- — How  would  it  be  if  we  arrange  some  evening 
to  go  there  and  see  that  in  a  body  ? 

Prof.  Chidlow — I  would  like  to  do  that,  and  I  guess  even¬ 
ing  would  suit  you  all  perhaps  better  than  the  daytime.  You 
would  not  perhaps  see  some  of  the  doughs  being  made  unless  you 
were  there  before  seven  o’clock.  They  begin  making  their  doughs 
at  four  o’clock  in  the  morning  and  finish  all  their  work  about 
twelve  at  night,  so  that  the  last  dough  is  made  from  seven  to  seven 
and  one-half  hours  before  they  finish ;  but  I  should  be  very  glad  to 
have  you  all  come  down  some  evening. 

Dr.  Stahl — I  suggest  that  we  have  the  Chairman  arrange 
for  this  visit. 

Chairman — All  right,  I  will  arrange  that  for  a  later  date. 

Motion  to  adjourn  carried. 
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(Paper  read  before  Mechanical  Section  at  its  May  Meeting.) 

CENTRIFUGAL  FANS  AND  THEIR  APPLICATION  TO 
THE  HEATING  OF  INDUSTRIAL  BUILDINGS. 

BY  R.  B.  HAYWARD. 

The  centrifugal  fan  in  use  at  the  present  time  is  in  itself  a 
simple  mechanism.  The  engineer  meets  it,  however,  in  nearly  all 
lines  of  his  work ;  so  that  a  study  of  its  operation  and  application 
is,  it  is  hoped,  always  of  interest. 

The  common  form  of  the  machine  is  the  housed  mn ;  the 
blast  wheel  enclosed  in  a  casing  of  cast  iron  or  steel  plate.  This 
form  allows  the  control  of  tlie  volume  and  pressure  as  conditions 
demand.  A  second  form,  usually  called  a  cone  wheel,  consists 
simply  of  the  blast  wheel  mounted  on  a  shaft  supported  by  suitable 
bearings ;  and  in  its  application  is  placed  with  its  inlet  before  an 
opening  through  which  air  is  to  be  drawn.  Its  operation  induces 
the  air  to  flow  into  the  blast  wheel,  as  it  were,  and  leave  it  at  all 
points  on  the  periphery  of  the  wheel  in  a  direction  at  right  angles 
to  the  entrance  of  the  air  into  the  wheel.  This  form  of  fan  is 
simply  a  modification  of  the  housed  fan  and  it  is  obvious  that 
the  air  movement  is  not  so  easily  controlled  when  originated  with 
this  type  of  fan.  Should  it  be  desired  to  control  the  air  after 
leaving  the  wheel  it  would  be  necessary  to  operate  the  machine  in 
a  large  air-tight  room  from  which  the  air  leaves  through  special 
passages.  This  application  has  space  requirements  that  are  hard 
to  meet ;  yet  this  type  of  fan  has  some  advantages  over  the  housed 
fan,  as  it  is  obvious  that  the  cone  wheel  of  equal  area  will  handle 
more  volume  because  of  its  discharge  area  at  the  periphery  being 
unrestricted,  consequently  permitting  a  flow  of  air  past  all  points 
on  its  periphery ;  whereas  the  housed  fan  discharges  only  through 
the  housing  outlet.  On  the  other  hand,  the  condition  of  the  cone 
fan  is  approached  in  the  housed  fan  by  constructing  the  housing 
on  a  properly  formed  spiral  giving  a  reservoir  space  for  the  air 
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to  accumulate  in  between  the  peiphery  of-  the  wheel  and  the 
housing. 

The  third  form  of  fan  is  the  familiar  disk  or  propeller  type 
similar  to  the  small  desk  fan.  This  fan  draws  air  into  itself  and 
discharges  it  without  changing  the  direction  of  flow,  and  owing 
to  the  character  of  the  application  of  power  to  the  work  of  air 
movement,  the  effect  of  the  application  does  not  approach  the 
positive  result  obtained  with  the  form  of  blast  wheel  present  in  the 
cone  fan  or  the  housed  fan.  The  use  of  the  propeller  fan  is,  there¬ 
fore,  confined  to  air  movements  where  the  resistance  of  flow  is 
negligible. 

The  foregoing  indicates  necessarily  the  reason  for  the  use  of 
the  housed  fan  in  practically  all  of  the  cases  where  low  pressure 
air  movements  are  required.  In  the  air  blast  for  the  small  forge, 
the  handling  of  light  materials,  the  conveyance  of  air  for  ventilat¬ 
ing  or  for  carrying  heat  units  for  heating  purposes,  the  furnishing 
of  air  for  fuel  combustion  under  boilers  or  heating  furnaces,  all 
these  require  that  the  movement  be  confined  or  controlled  in  a 
system  of  distribution,  of  which  the  fan  housing  is  a  part ;  the 
blast  wheel  or  fan  proper  being  the  impelling  member  that  origin¬ 
ates  the  movement. 

It  is  well  known  that  the  centrifugal  fan  has  found  its  great¬ 
est  use  in  the  field  of  heating  and  ventilating  large  buildings ; 
from  the  seemingly  crude  mill  building,  where  it  is  simply  a  ques¬ 
tion  of  heating,  to  the  schools  and  other  public  buildings,  where 
the  health  and  best  efforts  of  occupants  require  the  best  methods 
of  heating  and  ventilation  that  the  engineering  profession  can 
devise.  There  are  many  good  reasons  for  using  the  fan  or  hot 
blast  system  for  heating  large  buildings  instead  of  the  old  method 
of  heating  bv  stoves  and  direct  radiation,  and  it  is  not  out  of 
place,  perhaps,  to  mention  a  few  of  the  advantages  of  the  one  over 
the  other. 

In  buildings  of  large  cubical  contents  spread  over  considerable 
area,  the  proposition  of  using  stoves  is  out  of  the  question.  In 
a  modern  factory  or  mill  the  floor  space  that  would  needs  be  sacri¬ 
ficed  to  make  a  fair  showing  toward  heating  with  stoves  or  sala¬ 
manders  would  prohibit  this  method  of  heating.  The  endless 
labor  to  keep  a  large  number  of  stoves  scattered  over  considerable 
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area  supplied  with  fuel,  the  escape  of  noxious  gases,  these  and 
other  objections  have  made  it  necessary  to  adopt  different 
methods. 

* 

Direct  radiation  is  a  method  of  heating  for  factory  and  mill 
work  not  uncommon ;  though  it  is  seldom  used  now  in  a  modern 
plant  of  any  size  where  a  thoroughly  adequate  system  of  heating 
is  required.  The.  first  cost  of  a  direct  radiation  system  is  about  the 
same  as  a  hot  blast  system  for  small  and  medium  size  buildings. 
The  operation  is  simple,  there  being  no  moving  parts  to  care  for 
and  a  few  valves  will  control  its  operation.  In  small  buildings  of 
75.000  to  100,000  cubic  contents,  direct  radiation  using  live  or 
exhaust  steam  is  quite  practicable;  but  in  large  modern  industrial 
buildings  other  considerations  make  the  heating  problem  assume 
an  entirely  different  aspect.  Direct  radiation  means  the  distrib¬ 
uting  of  steam  coils  or  other  forms  of  radiating  surface  through¬ 
out  the  building.  This  presents  disadvantages  that  may  readily 
be  appreciated.  To  be  most  effective  this  surface  should  be  placed 
as  near  the  floor  line  is  possible,  to  counteract  the  influx  of  cold 
air  through  the  opening  of  doors  and  natural  leakages ;  yet  it  is 
•scarcely  ever  possible  to  locate  the  surface  in  this  way,  as  the 
necessary  free  wall  surface  at  the  desired  points  is  not  avail¬ 
able.  Further  it  is  undesirable  to  always  use  such  wall  surface, 
even  though  it  is  most  practicable  from  an  engineering  standpoint. 
It  is  not  agreeable  for  a  machine  operator  to  stand  continuously 
within  a  foot  or  two  of  heating  surface  designed  to  properly  heat 
a  space  much  greater  in  proportion  than  the  area  he  occupies. 

I11  some  industries  the  materials  used  would  be  damaged  by 
coming  in  contact  with  the  surface  itself  or  from  the  water  escap¬ 
ing  through  leaks  that  are  always  present.  Therefore,  more  or 
less  valuable  floor  space  is  sacrificed.  The  proper  drainage  of 
this  system  is  frequently  very  difficult  to  accomplish ;  waterham- 
mers  occur  producing  leaks  involving  additional  cost  for  main¬ 
tenance.  Where  surface  cannot  be  located  near  the  floor  line  it 
becomes  necessary  to  place  it  overhead  suspended  from  the  roof 
trusses.  This  is  not  always  possible,  and  even  so,  it  is  removed 
from  its  zone  of  usefulness,  for  there  is  no  force  to  effectively  dis¬ 
tribute  the  heat,  extracted  from  the  steam,  to  the  points  where  it 
may  properly  perform  its  function.  This  is  true  of  direct  radia- 
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tion,  as  a  rule,  and  it  is  therefore  likely  to  be  more  or  less  local  in 
its  effect. 

It  may  seem  that  the  above  is  a  departure  from  the  general 
subject  under  discussion,  but  it  is  intended  to  assist  toward  a 
clearer  understanding  of  the  application  of  centrifugal  fans  to  the 
heating  and  ventilating  of  industrial  buildings. 

Generally  speaking,  there  are  lour  parts  or  features  to  a  hot 
blast  system  of  heating  as  usually  installed  in  an  industrial  build- 
ing,  the  fan,  the  heating  coils,  the  distributing  system  and  the 
driving  mechanism.  Aside  from  this  there  are  the  matters  of 
steam  connections,  foundations,  location  of  apparatus  in  relation 
to  the  space  to  be  heated  and  operation  of  the  system,  to  be  taken 
into  consideration.  The  fan,  as  previously  stated,  is  of  the  housed 
type  and  being  of  steel  plate  construction  appears  in  many  forms. 
It  may  be  of  the  full  housing  type ;  that  is  with  the  housing  con¬ 
structed  entirely  of  steel  plate,  or  of  the  three-quarter  housing 
type,  with  the  foundations  forming  a  part  of  the  housing :  the 
blast  wheel  dipping  below  the  floor  line  into  a  pit  which  is  made 
to  form  a  continuation  of  the  standard  scroll  of  the  housing.  The 
fan  outlet  may  be  tangential  to  the  periphery  of  the  blast  wheel  in 
a  horizontal,  vertical  or  an  angular  direction. 

The  heating  surface  is  divided  into  sectional  coils  of  various 
dimensions  and  containing  different  amounts  of  surface.  Each 
section  consists  of  a  cast  iron  base,  with  steam  and  drip  compart¬ 
ments  ;  the  pipe,  usually  of  the  one-inch  size,  being  screwed  into 
the  base  in  such  a  manner  that  a  series  of  loops  are  formed  between 
the  steam  and  drip  compartments  of  the  base.  The  pipes  spaced 
lengthwise  2-J"  on  centres  affords  a  passage  for  air  approximately 
40$  of  the  gross  area  of  the  face  of  the  section.  The  sections  are 
made  two  and  four  rows  wide,  each  row  being  staggered  with 
respect  to  the  row  in  front  and  behind  it ;  compelling  the  air  cur¬ 
rents  passing  through  to  be  broken  up  and  impign  upon  the  sur¬ 
face.  With  the  common  form  of  base  a  steam  receiver  for  a  series 
of  sections  is  made  by  extending  the  casting  beyond  the  pipes  on 
one  end  of  the  base,  and  forms  a  section  of  cylinder  provided  with 
flanges.  The  group,  being  assembled  bolts  passing  through  flanges, 
forms  a  complete  receiver  provided  with  a  single  steam  inlet  and 
drip  outlet.  Other  forms  of  bases  have  individual  steam  inlets 
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and  drip  outlets  that  are  used  where  refined  regulation  is  desired ; 
the  temperature  of  the  air  being  varied  by  cutting  the  sections  out 
or  in,  the  volume  remaining  constant. 

The  distributing  pipes  or  conduits  for  the  heated  air  are 
usually  of  galvanized  sheet  steel  construction  when  placed  over¬ 
head  or  of  brick  and  concrete  ducts  and  terra  pipe  when  placed 
underground.  Leaving  the  apparatus  the  ducts  are  of  proper  size 
to  carry  the  total  volume  of  air,  at  a  proper  velocity,  and  reduce 
in  area  as  the  proportionate  volumes  of  air  are  distributed. 

There  are  several  ways  of  driving  the  fan  or  impelling  mem¬ 
ber  of  the  distributing  system ;  the  particular  method  depending 
upon  the  local  conditions.  A  steam  engine  either  direct  or  belt 
connected,  the  electric  motor  direct  connected  or  belted,  are  the 
usual  arrangements  employed,  and  sometimes  it  becomes  expedient 
to  drive  the  fan  from  a  lineshaft. 

The  general  features  of  the  equipment  for  a  fan  system  of 
heating  have  been  outlined,  but  the  most  interesting  to  the  engi¬ 
neer  perhaps  is  a  consideration  of  the  conditions  that  affect  the 
calculations  employed  in  the  design  of  an  equipment  for  a  par¬ 
ticular  case  and  why  some  buildings  require  different  treatment 
than  others. 

If  a  given  building  could  be  made  absolutely  proof  against 
all  heat  transmission  losses,  the  heating  problem  would  be  insig¬ 
nificant.  Under  such  conditions  it  would  be  necessary  only  at  the 
beginning  of  the  cold  weather  period  of  the  year  to  inject  a  few 
heat  units  into  the  buildings  and  the  heating  question  would  be 
at  an  end.  Unfortunately,  however,  for  the  capitalists  and  for¬ 
tunately  for  those  that  live  and  have  their  being  in  the  heating 
business,  such  is  not  the  case.  There  is  a  continuous  transmis¬ 
sion  of  heat  units  through  the  walls  of  a  building,  the  exterior 
temperature  being  below  the  necessary  interior  working  tempera¬ 
ture,  directly  proportional  to  the  difference  between  these  two 
temperatures.  This  is  the  most  important  factor  affecting  the 
heat  loss ;  but  the  material  of  the  walls,  whether  of  wood,  brick, 
stone,  glass  or  any  of  the  many  materials  of  construction,  together 
with  the  character  of  the  exposure,  etc.,  are  variables  which  play 
their  part  in  reducing  the  temperature  of  a  building.  It  is  the 
function  of  the  heating  equipment,  whatever  its  character,  to  over- 
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come  these  continual  losses  by  supplying  heat  units  to  offset 
those  lost. 

Scientific  treatise  provide  us  with  data  in  the  form  of  co¬ 
efficients,  representing  the  heat  transmission  in  units  per  hour  per 
square  foot  of  surface  per  degree  difference  in  temperature,  for 
walls  and  surfaces  of  given  construction  and  of  varying  thick¬ 
nesses.  This  is  available  for  use  with  proper  allowances  for  local 
conditions  with  heating  systems  that  do  not  involve  a  constant 
changing  of  the  air  inside  of  the  building.  With  the  fan  system, 
however,  the  air  is  constantly  being  replaced,  unless  the  recircu¬ 
lation  method  is  used,  so  that  another  heat  loss  occurs  through 
the  escape  of  a  certain  quantity  of  air  at  the  interior  working 
temperature.  The  foregoing  therefore  gives  the  items  that  appear 
on  one  side  of  the  calculation  sheet  of  the  heating  problem. 
Turning  to  the  source  of  heat  supply  the  determination  of  the 
proper  capacity  of  fan  and  heater  is  the  item  required  to  balance 
the  preceding  calculations  of  heat  losses. 

Proper  capacity  in  the  fan  and  heater  means,  that  the  heater 
will  so  warm  the  volume  of  air,  which  the  fan  discharges,  that  the 
total  number  of  heat  units  extracted  from  the  steam  through  the 
medium  of  the  heating  surface  and  imparted  to  the  air  discharged 
by  the  fan  into  the  space  to  be  heated,  will  offset  those  heat 
units  lost  bv  wall  transmission  and  other  causes.  Obviously 
certain  limitations  and  proportions  have  arisen  as  the  result  of 
direct  experiments  and  experience.  Considering  the  clear  or  free 
area  between  the  pipes  of  a  heater  section,  it  has  been  found  that 
the  efficiency  of  the  heating  surface  is  affected  by  the  velocity  of 
air  through  the  sections.  The  limits  of  velocities  are  between 
i.ooo  and  1,800  feet  per  minute.  Beyond  this  limit  any  added 
advantage  is  more  than  offset  by  the  increased  friction  of  the 
air  and  cost  of  additional  surface,  and  below  this  limit  the  con¬ 
dition  of  the  direct  radiator  is  approached.  By  efficiency  of 
heating  surface  is  meant  the  greatest  number  of  heat  units  that  a 
given  surface  will  give  off  per  unit  of  time. 

The  effect  of  air  in  motion  on  condensation  of  steam  in 
pipes  is  well  known,  and  therein  lies  one  of  the  principal  advant¬ 
ages  of  the  fan  system.  Experiments  have  shown  that  a  given 
amount  of  surface  properly  designed  for  its  duty  in  connection 
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with  a  fan  system  will  condense  from  three  to  five  times  as  much 
steam  per  unit  of  time  as  the  same  amount  of  surface  exposed  to 
the  usually  still  air  of  a  building  and  used  as  a  direct  radiator. 
In  other  words  it  requires  only  one-third  to  one-fifth  as  much 
surface  with  a  fan  system  as  with  a  system  of  direct  radiation ; 
and  further  the  surface  is  all  assembled  in  a  very  small  space  so 
arranged  that  proper  drainage  is  easily  attained. 

The  free  area  through  the  heater  section  or  through  several 
sections  assembled  remains  constant  through  the  depth  of  the 
heater.  The  air  passing  naturally  increases  in  temperature,  but 
not  in  direct  proportion  to  the  depth ;  in  other  words  the  sections 
that  receive  the  air  last  are  not  as  efficient  as  the  first  sections, 
because  there,  is  less  temperature  difference  between  the  steam 
inside  the  pipes  and  air  outside  than  with  the  first  section  ;  the 
steam  pressure  upon  the  entire  surface  is  the  same,  consequently 
the  same  temperature  all  over  the  interior  of  the  radiating  surface. 
This  falling  off  in  efficiency  obviously  defines  a  limit  to  the  depth 
of  the  heater  or  number  of  rows  of  pipe  that  the  air  should  pass 
over.  The  standard  depth  of  heater  for  the  kind  of  buildings 
under  discussion  is  twenty  rows,  although  there  may  be  some 
variation  either  way. 

The  standard  heater  therefore  consists  of  i"  pipe  spaced  so 
as  to  give  40^  of  the  face  of  a  section  as  clear  area  and  in  depth 
approximately  twenty  rows.  Careful  observations  and  tests  have 
shown  that  surface  arranged  in  this  manner  subject  to  air  veloci¬ 
ties  within  the  limits  previously  mentioned  has  a  condensing 
capacity  per  square  foot  of  2  to  2\  lbs.  of  high  pressure  ( steam 
per  square  foot  per  hour  with  the  initial  temperature  of  air 
reasonably  low.  This  is  affected  by  other  variables  such  as 
actual  velocity  through  heater,  initial  temperature  of  air  and  the 
specific  steam  pressure.  Knowing  the  radiating  capacity  of  heat¬ 
ing  surface  per  unit  of  measurement,  from  the  previous  calcula¬ 
tions  of  heat  losses  the  amount  of  surface  may  be  determined. 
With  the  properly  calculated  surface  the  size  of  fan  required  is 
that  machine  with  sufficient  capacity  to  produce  the  proper  velocity 
through  the  selected  heater. 

The  selection  of  the  proper  fan  presents  another  very  im¬ 
portant  problem.  A  machine  running  at  a  high  rate  of  peripheral 
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travel  will  deliver  the  required  volume,  but  a  larger  machine 
running  at  a  correspondingly  less  rate  of  peripheral  travel  will 
also  perform  the  same  duty.  Consulting  the  capacity  tables  for 
various  machines  at  varied  rates  of  peripheral  travel,  the  desired 
volume  is  found  in  a  machine  operating  at  ij  oz.  pressure  a  peri¬ 
pheral  travel  of  approximately  6.300  feet  per  minute.  The  same 
capacity  is  also  found  in  a  larger  machine  at  1  oz.  or  5,100  feet 
travel  per  minute,  and  still  a  larger  machine  operating  at  ^  oz.  or 
3,650  feet  travel  per  minute.  The  second  and  third  machines  are 
operating  against  2/3  and  1/3  of  the  pressure,  respectively,  that 
the  first  machine  operates  against,  yet  all  are  delivering  the  same 
volume :  consequently  the  second  and  third  machines  consume 
2/3  and  1/3  of  the  power,  respectively,  that  the  first  machine 
requires  for  its  operation.  Apparently  the  third  machine  is  the 
one  to  be  selected.  The  requirements  of  heating,  however,  are  by 
no  means  constant,  and  although  heating  plants  are  designed  for 
zero  weather  conditions,  there  are  a  very  few  days  throughout 
the  year  that  the  maximum  capacity  is  required.  A  fan  selected 
to  operate  at  1  oz.  speed  for  maximum  requirements  would  actu¬ 
ally  operate  btween  -A  and  $  oz.  pressure  for  practically  all  of  the 
time,  in  this  section,  although  the  reserve  capacity  is  present  when 
required.  In  view  of  this  it  is  practice  for  factory  heating  to  select 

« 

fans  operating  at  1  oz.  pressure  for  maximum  conditions,  as  the 
increased  cost  and  interest  for  a  fan  to  perform  the  maximum 
duty  at  4  oz.  would  more  than  offset  the  cost  of  additional  power 
to  operate  the  smaller  fan  during  a  few  zero  days  throughout  the 
season.  The  space  limitations  would  further  affect  the  determina¬ 
tion  of  fan  size. 

The  methods  of  determining  proper  capacity  of  apparatus 
by  means  of  transmission  losses  and  radiating  capacity  of  heating 
surface  is  the  idtra  scientific  method  undoubtedly,  although  it  is 
subject  to  many  variations  that  cannot  be  accurately  determined. 
It  will  be  readily  admitted  that  to  even  measure  all  of  the  wall 
and  roof  surface  of  an  ordinary  mill  building,  to  determine  its 
amount,  character  and  proper  coefficient  under  existing  condi¬ 
tions,  besides  other  factors  of  equal  importance,  would  lx  rather 
impracticable  and  frequently  decidedly  inconvenient.  In  view 
of  this  the  engineer  engaged  in  this  line  of  work  can  consistently 


296  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

swallow  his  profession  pride  and  adopt  methods  which,  while  not 
so  scientific  perhaps,  are  equally  as  accurate. 

The  common  method  for  calculating  for  factory  buildings 
and  practically  all  kinds  of  buildings,  in  fact,  is  based  on  air 
changes  per  hour.  The  practical  arrangement  of  heating  surface 
has  been  outlined  and  the  resulting  temperature  of  air  at  various 
velocities  and  steam  pressure  observed.  With  a  velocity  through 
the  heater  of  approximately  1,800  feet  per  minute,  steam  at  5  lbs., 
initial  air  temperature  at  zero,  the  resultant  temperature  will 
approximate  125  degrees.  This  will  be  increased  to  150  with  high 
pressure  steam  or  the  resultant  temperature  at  5  lbs.  pressure 
will  increase  should  the  velocity  be  lowered,  and  in  either  case  the 
resultant  temperature  is  affected  by  the  temperature  of  incoming 
air.  Every  size  of  fan  calls  for  a  given  size  of  heater  at  the  fan’s 
predetermined  speed  for  maximum  conditions.  With  this  data 
well  in  hand,  it  is  quite  expedient  to  standardize  experience  into 
methods  of  calculating  on  the  basis  of  air  changes  per  hour.  It  is 
here  that,  as  in  all  other  lines  of  engineering,  sound  judgment 
based  upon  experience  becomes  an  important  element. 

The  rate  of  air  change  for  factory  buildings  ranges  from 
once  in  twelve  minutes  to  once  in  forty  or  even  sixty  minutes. 
The  small  poorly  constructed  building,  with  cubic  contents  of 
100,000  cubic  feet  or  less,  exposed  to  high  winds  and  subjected  to 
a  constant  opening  of  doors  and  other  leakages,  calls  for  the 
extreme.  On  the  other  hand  the  mammoth  structures  seen  to-day, 
with  acres  of  floor  space  under  one  roof,  require  but  the  other 
extreme  in  the  way  of  heat  supply  to  maintain  the  proper  work¬ 
ing  temperature.  These  large  buildings  sometimes  run  as  high 
as  20,000,000  cubic  contents,  in  which  case  the  ratio  of  exposed 
surface  to  cubic  contents  is  vastly  different  from  that  of  the 
small  building.  Then,  too,  the  best  construction  is  used;  brick 
walls,  slate  roof,  and  although  the  glass  area  is  considerable  for 
the  purpose  of  light,  windows  fit  well  and  chances  for  leakage  are 
reduced  to  a  minimum.  Between  the  two  cases  just  mentioned 
come  the  moderately  sized  fairly  constructed  building  that  requires 
different  treatment,  which  is  usually  a  twenty  to  twenty-five  min¬ 
ute  change. 

The  location  of  the  apparatus  with  respect  to  the  space  heated 
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is  considered  with  the  view  of  a  position  as  centrally  located  as 
possible.  This  affects  the  cost  of  the  distributing-  system  mater¬ 
ially.  With  heat  distributed  from  the  center  of  a  rectangular 
building,  for  instance,  in  preference  to  the  end,  a  saving  of  25V  i> 
made  in  the  cost  of  the  distributing  system ;  and  as  the  cost  of 
distributing  is  sometimes  one-half  of  the  entire  cost,  or  even 
more,  the  saving  is  considerable.  Other  considerations  have  their 
influence,  however,  such  as  proximity  to  source  of  steam  supply, 
a  desire  to  have  the  heating  plant  near  the  main  power  plant, 
and  the  general  physical  characteristics  of  the  building.  Too 
many  times  the  heating  plant  is  compelled  to  shift  for  itself,  due 
to  lack  of  care  on  the  part  of  the  engineer  of  the  works  to  give 
its  importance  due  weight.  Usually  it  is  the  last  thing  to  be  con¬ 
sidered  and  is  taken  up  when  the  funds  are  low,  the  result  being 
that  it  is  crowded  in  some  way  or  other,  which  should  not  be,  for 
when  its  use  is  required  it  is  really  the  key  to  the  operation  of  the 
establishment,  and  its  failure  means  many  times  the  interest  on 
the  cost  of  a  well  designed,  well  installed  heating  plant. 

The  question  of  air  distribution  is  one  that  has  caused  a 
great  deal  of  discussion,  and  there  is  a  wide  variance  in  opinion 
and  in  practice.  A  building  of  several  stories,  ceiling  ten  to 
twenty  feet  high,  can  frequently  be  heated  satisfactorily  from  a 
central  standpipe  blowing  the  length  of  the  building  for  distances 
of  100  to  150  feet,  when  the  building  is  fifty  to  seventy-five  feet 
wide.  The  ceilings  tend  to  confine  the  air  and  diffuse  it  suffi¬ 
ciently.  A  machine  shop  of  the  gallery  type  may  he  treated  per¬ 
haps  in  this  way  with  limited  distribution  bv  blowing  the  air 
lengthwise  of  the  lean-tos  under  the  galleries.  But  if  the  building 
is  not  reasonably  tight  or  subjected  to  frequent  opening  and 
closing  of  doors  it  is  necessary  to  distribute  properly  throughout 
and  especially  to  those  parts  affected  by  steady  and  intermittent 
inflows  of  cold  air.  The  design  of  the  distributing  system  is 
affected  by  the  recirculation  method  of  operation.  If  all  of  the 
air  is  taken  from  outside  of  the  heated  space  there  is  an  equal  leak¬ 
age  from  the  building  that  materially  prevents  the  inflow  of  air; 
and  a  much  better  distribution  of  heat  is  obtained  with  limited 
distributing  pipes  than  when  the  air  is  all  or  in  part  returned  from 
the  building.  It  is  practically  always  desirable  to  recirculate  the 
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air  in  industrial  heating,  ventilation  not  being  a  factor,  because  of 
the  economy  in  steam  consumption.  In  a  very  leaky  building  it 
becomes  desirable  to  use  a  large  percentage  of  outside  air  in  order 
to  overcome  the  drafts  due  to  leaks  ;  the  same  apparatus,  although 
apparntly  inadequate  when  returning  the  air,  has  properly  per¬ 
formed  its  duty  with  all  outside  air,  although  more  steam  would 
naturally  be  condensed  in  the  latter  case.  A  particular  installa¬ 
tion  showed  a  temperature  increase  of  20$  when  using  outside  air 
entirely,  the  building  being  very  leaky  and  subject  to  continual 
opening  of  doors.  The  situation  was  further  complicated  by  the 
presence  of  exhaust  fans  drawing  material  from  the  mill,  conse¬ 
quently  air ;  the  exhaust  fans  having  about  60^  of  the  heating  fan 
capacity. 

High  shop  buildings  require  an  extensive  system  of  distribu¬ 
tion  to  thoroughly  spread  the  heat  before  it  can  rise  from  the  floor 
and  be  lost,  so  far  as  properly  performing  its  function  is  con¬ 
cerned.  Not  only  should  the  main  branch  pipes  be  carried  to 
extreme  points,  but  the  outlets  should  be  carried  down  within  a 
few  feet  of  the  floor  line.  The  idea  is  simply  injecting  heated  air 
into  a  room  thirty  or  forty  feet  high  and  depending  upon  its  prop¬ 
erly  diffusing  is  not  founded  upon  a  proper  conception  of  the 
situation,  especially  where  the  recirculation  method  is  used  with 
apparatus  in  the  same  room.  This  is  an  extreme  case,  but  it  is 
nevertheless  intended  to  cover  all  arrangements  of  limited  distri¬ 
bution  through  grater  than  thirty  feet  from  main  trunk  pipe  where 
buildings  of  the  above  height  are  treated.  The  reasons  are  obvi¬ 
ous  and  practical  examples  may  be  cited  to  substantiate  them. 

The  railway  paint  shop  is  a  problem  that  requires  careful 
treatment  as  to  distribution.  The  working  temperature  should 
be  about  70°,  with  air  distributed  evenly  to  all  parts,  insuring 
equal  heat,  low  velocities  of  discharge,  to  avoid  suspension  of  dust 
and  dirt  in  the  air,  that  may  be  deposited  on  a  freshly  painted 
surface.  Besides  the  primary  object  of  heating  in  a  paint  shop, 
the  fan  system  assists  in  the  rapid  drying  of  paint  by  circulation, 
and  the  unavoidable  ventilation  accompanying  this  method  of 
heating  has  an  opportunity  of  being  utilized. 

The  locomotive  round  house  presents  an  interesting  phase  of 
the  question.  The  air  is  usually  discharged  into  the  pits  on  the 
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side  or  end.  The  general  purpose  is  to  heat  the  building,  but  the 
great  specific  use  of  heating  apparatus  is  to  rapidly  rid  an  engine 
of  its  snow  and  ice,  so  that  it  may  be  quickly  overhauled  and  made 
ready  for  another  trip ;  an  important  matter  in  these  busy  times 
for  the  motive  power  department  of  our  railroads.  By  the  con¬ 
stant  circulation  of  air  the  house  is  also  kept  free  from  smoke 
and  vapors  from  the  engines.  The  conditions  surrounding  a 
particular  house  enter  largely  into  the  determining  of  proper  heat¬ 
ing  capacity  aside  from  the  cubic  contents,  construction,  etc.  It 
must  be  noted  whether  the  house  is  a  busy  one,  that  is  whether 
engines  are  constantly  going  in  and  out,  and  whether  doors  are 
likely  to  remain  open  long-  for  any  purpose  whatever. 

The  distributing  system  for  a  round  house  may  be  overhead 
sheet  iron  pipes  or  underground  brick  or  concrete  ducts.  If  the 
roof  truss  has  a  center  supporting  column  the  overhead  system 
may  be  used  with  drop  pipes  at  the  columns  to  the  floor  line  and 
underneath,  same  to  side  or  end  of  pits.  There  are,  however, 
objections  to  the  sheet  iron,  as  it  is  likely  to  deteriorate  very  rap¬ 
idly  because  of  the  gases  from  the  engines,  and  the  drop  pipes  at 
columns  are  sure  to  be  damaged  by  being  in  the  way  of  tools  and 
appliances  in  the  repairing  of  engines.  The  heating  apparatus  is 
always  located  in  a  separate  house  at  the  outside  circle  of  the 
building.  A  simple  distribution  is  accomplished  by  running  an 
underground  duct  straight  to  the  inside  circle  and  extending  it 
around  this  circle,  entering  pits  with  branch  pipes  at  the  tender 
end.  Entering  pits  at  the  end  instead  of  at  the  side  might  appear 
impracticable,  but  it  lias  proven  fully  as  effective  as  the  other 
method.  In  view7  of  this  there  is  every  consideration  for  using 
this  method,  as  the  circumference  of  the  inside  circle  is  about  one- 
half  and  two-thirds  of  the  outside  and  central  circle,  respectively. 
This  greatly  reduces  the  cost  of  ducts  and  distance  for  blowing  air. 

There  are  many  varied  problems  aside  from  those  just  men¬ 
tioned  that  require  a  full  knowledge  of  the  affecting  conditions 
before  the  solution  of  the  heating  question  can  assume  a  successful 
result.  The  paper  mill,  the  textile  mill,  the  foundry,  tannery  and 
others  that  may  suggest  themselves,  each  require  special  treat¬ 
ment. 

As  to  the  advantages  or  disadvantages  of  the  overhead  or 
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underground  distribution,  the  one  opposed  to  the  other  or  vice 
versa,  the  conditions  are  the  usual  solution  to  the  question.  The 
overhead  system  is  more  common,  principally  because  it  is  cheaper 
than  the  underground ;  and  although  the  heating  is  usually  for¬ 
gotten  when  the  building  is  designed  and  other  equipment  is  laid 
out,  the  piping  can  be  arranged  for  in  some  way,  even  though  the 
scheme  may  not  be  as  simple  as  it  might  have  been  had  the 
matter  been  attended  to  in  due  season.  Underground  ducts, 
although  more  expensive,  because  of  frequent  expensive  excavat¬ 
ing  and  other  reasons,  have  their  advantages.  They  may  be  neces¬ 
sary  also  where  all  floor  space  is  covered  by  traveling  cranes. 
They  are  permanent  in  character  and  are  entirely  removed  from 
sight  and  possess  the  great,  advantage  of  delivering  heat  where 
it  is  the  most  effective,  at  the  floor  line  or  slightly  above  it. 

The  design  of  the  proper  area  for  the  mains  and  branches  of 
a  distributing  system  is  a  comparatively  simple  matter.  The  main 
trunk  is  usually  made  equal  in  area  to  the  fan  outlet.  Fan  out¬ 
lets  bear  such  a  relation  to  the  capacity  that  a  velocity  of  2,500 
per  minute  is  present  in  the  main  trunk  at  1  oz.  speed.  TfTe  desir¬ 
able  branch  outlet  velocities  range  from  1,000  to  1,800  feet  per 
minute.  The  unit  space  being  determined,  the  branch  pipe  is  of 
proper  size  to  give  the  desired  velocity  while  carrying  the  proper 
proportion  of  heated  air  for  that  space.  Friction  is  allowed  for 
by  gradually  decreasing  the  velocity  in  the  main  ducts  as  they 
recede  from  the  fan.  In  an  undivided  space  to  be  heated  the 
outlet  pipes  are  of  a  uniform  size.  A  short  method  in  this  case  is 
to  make  the  total  area  of  outlets  25  to  40$  greater  than  the  fan 
outlet.  The  trunk  sizes  are  then  computed  from  the  outlets  back 
to  the  fan  or  the  outlet  areas.  The  same  results  are  obtained  as 
when  areas  are  based  on  velocities.  As  a  matter  of  fact  any  sys¬ 
tem  of  distribution  may  be  figured  in  this  way,  even  though  the 
space  is  cut  up  and  not  uniform. 

A  direct  connected  steam  engine  is  usually  the  most  desir¬ 
able  way  to  operate  a  heating  fan  for  a  factory  building,  because 
the  speed  of  the  outfit  can  be  varied  at  the  engine  throttle  to  suit 
the  weather  conditions.  The  matter  of  temperature  regulation  is, 
therefore,  very  simple ;  a  desirable  condition  to  attain.  Engine 
driven  fans  are  desirable  unless  it  would  be  necessarv  to  carry  the 
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live  steam  for  engine  a  long  distance,  although  plenty  of  exhaust 
steam  is  available  for  heating  purposes  near  at  hand.  Of  course 
where  there  is  insufficient  exhaust  steam  for  heating  purposes  a 
steam  engine  is  far  preferable  to  a  motor,  as  the  engine  exhaust  is 
utilized  for  heating,  practically  eliminating  the  cost  of  operating 
the  fan.  It  may  appear  that  where  plenty  of  exhaust  steam  for 
heating  is  available  an  electric  motor  would  be  more  economical, 
because  a  unit  of  power  can  be  generated  far  more  economically 
in  a  large  generator  than  it  can  in  a  twenty-horse  power  steam 
engine  for  instance.  But  consider  the  fact  that  the  average  power 
consumption  through  the  season  is  about  60$  of  the  maximum 
load.  The  engine  can  adjust  itself  to  take  advantage  of  all 
weather  variations.  On  the  other  hand  the  motor  must  not  only 
be  proportioned  for  the  maximum  speed,  but  must  operate  at 
that  speed  or  what  amounts  to  the  same  thing  so  far  as  power 
consumption  is  concerned,  for  some  of  the  current  must  be  dissi¬ 
pated  in  a  rheostat  to  cut  down  the  speed.  It  is  true  volume 
dampers  might  be  placed  in  the  main  air  ducts  to  cut  down  the 
fan .  delivery,  thus  cutting  down  the  power  required,  but  these 
dampers  would  never  be  operated.  An  engine  driven  fan  is  also 
independent  of  the  main  power  plant,  and  it  is  possible  to  heat 
the  building  nights  and  Sundays  when  the  main  plant  is  usually 
idle. 

With  large  floor  areas  under  the  same  roof  it  is  desirable 
to  break  up  the  heating  apparatus  into  units  where  possible.  It  is 
also  frequently  necessary,  for  the  requirements  exceed  the  limits 
of  fan  sizes.  The  unit  arrangement  simplifies  the  distribution, 
avoids  large  duct  sizes,  and  in  mild  weather  one  or  more  units 
will  perform  the  duty.  Under  such  conditions,  other  factors  being 
eliminated,  electric  fans  are  desirable.  The  matter  of  ventilation 
has  not  been  touched  upon,  although  it  is  an  unavoidable  accom¬ 
paniment  to  the  fan  system  of  heating.  It  is  seldom  considered 
in  connection  with  factory  heating,  as  the  natural  inflow  and 
leakage  is  sufficient  for  all  practical  purposes.  If  it  is  necessarv 
where  the  number  of  operatives  is  large,  it  is  a  simple  matter  to 
arrange  to  take  some  air  from  out  of  doors  or  all,  in  fact.  How¬ 
ever,  the  plain  fan  system  heating  plant  is  frequently  able  to  greatly 
relieve  conditions  during  uncomfortably  warm  weather,  either  by 
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placing  outside  air  into  the  building  or  simply  keeping  up  a  circu¬ 
lation  of  inside  air.  The  coils  may  even  be  used  for  circulating 
cold  water  if  a  supply  is  convenient ;  this  may  be  an  expensive 
adjunct  for  the  short  time  of  use,  but  the  result  is  effective. 

Pointing  out  the  advantages  of  the  fan  system  over  others, 
although  possibly  it  is  unnecessary,  the  convenience  of  operation 
is  readily  apparent ;  the  whole  system  can  be  controlled  from  a 
central  point ;  the  heating  surface  is  centrally  located  in  a  small 
space,  so  that  positive  drainage  is  insured,  avoiding  leaks  and  the 
resulting  damage.  The  heating  surface  is  made  most  efficient, 
reducing  the  amount.  The  heat  is  distributed  evenly,  insuring  a 
uniform  temperature,  and  the  workman  has  no  excuse  to  lose  time 
standing  around  a  radiator  or  stove.  Although  ventilation  is  usu¬ 
ally  unnecessary,  it  is  always  present  when  desired,  and  it  is  not 
an  expense  when  undesired. 

Although  the  discussion  has  been  limited  to  the  one  topic  of 
factory  heating,  this  represents  really  the  simplest  form  of  hot 
blast  heating.  School  buildings,  church  edifices,  theaters,  court 
houses,  in  fact  ah.  types  of  public  buildings  demand  all  the  refine¬ 
ment  of  the  art.  The  matters  of  adequate  ventilation,  temperature 
regulation,  air  filtering  devices,  noiseless  of  operation,  both  in  the 
machinery  itself  and  air  velocities  in  ducts  and  registers,  economy, 
all  these  factors  complicate  the  problem  and  require  the  most 
careful  study  and  treatment  on  the  part  of  the  designing  engineer. 
The  mere  fact  that  all  of  these  demands  may  be  met  indicates  the 
comfort-giving,  likewise  sanitary  qualities  of  the  system,  which, 
together  with  the  simple  factory  heating  problem,  substantiates 
the  claim  of  great  versatility  for  the  fan  system  of  heating  and 
ventilation. 

DISCUSSION. 

Mr.  Gifford — I  have  in  mind  being  at  an  engineering  meet¬ 
ing  some  years  ago  where  a  gentleman  presented  a  very  able 
paper  on  this  subject.  He,  however,  through  lack  of  experience 
in  this  system,  suggested  that  the  way  to  heat  a  building  was  to 
practically  eliminate  the  distributing  ducts.  Anyone  at  all 
thoughtful  on  the  subject  could  see  at  once  that,  generally  speak¬ 
ing-.  that  is  an  unsafe  thing,  although  in  instances  that  can  be 
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done  very  safely.  But  I  think  the  province  of  the  engineer  first 
is  to  present  an  engineering  proposal.  I  think  he  should  design  a 
system  which  is  not  only  effective,  but  in  his  best  judgment  is 
going  to  be  efficient.  You  can  readily  see  that  in  a  building,  many 
of  which  we  have  now,  perhaps  eighty  feet  high  and  a  very  large 
area,  that  simply  blowing  air  in  at  one  end  and  expecting  it  to  do 
effective  work,  the  work  all  being  about  eight  feet  above  the 
floor,  is  wrong ;  therefore,  it  is  only  necessary  or  desirable  that 
the  air  should  be  put  where  it  has  to  do  the  work ;  and  I  was 
taught  that  where  you  want  a  thing  in  any  particular  place  it  is 
wise  to  provide  a  conduit  to  get  it  there.  I  have  in  mind  a  build¬ 
ing  about  eighty  feet  high,  of  which  they  wanted  to  heat  about 
one-half  the  length,  and  they  wanted  a  guarantee  that  if  we  didn't 
get  it  just  that  way  they  would  not  have  to  pay  for  it.  I  took  a 
long  chance  on  that  and  arranged  four  compartments  at  one  end  of 
the  building  and  had  an  ample  system  of  distributing  pipes,  the 
air  being  carried  lengthwise  through  the  building  under  a  screen 
and  carefully  worked  out,  the  air  brought  down  about  eight  or 
nine  feet  from  the  floor  and  discharged  towards  the  floor  with 
the  idea  of  heating  about  seven  or  eight  feet  high ;  then  we  pro¬ 
posed  a  partition  about  twelve  feet  high  across  the  building  at  a 
point  beyond  which  it  was  not  desired  to  heat,  and  when  passing 
through  the  end  of  that  building  it  was  almost  the  same  as  when 
going  from  in- doors  to  out-of-doors.  I  think  this  is,  perhaps, 
the  most  extreme  case  of  this  particular  kind  I  have  ever  seen, 
although  T  have  frequently  in  connection  with  some  of  my  work, 
stated  that  $50.00  worth  of  distributing  pipe,  properly  arranged, 
will,  within  reasonable  limits,  eliminate  the  necessity  for  $100.00 
worth  of  increased  size  of  apparatus,  and  I  think  that,  in  practice, 
is  confirmed.  Besides  all  this  goes  the  question  of  the  “man  be¬ 
hind  the  gun.”  If  he  actually  were  of  an  inquiring  mind  and 
should  investigate  the  subject  and  know,  as  engineers  in  these 
days  do  know,  the  result,  he  would  be  appalled  and  he  would 
not  have  any  more  of  those  kind  of  systems.  Now  I  think,  speak¬ 
ing  of  what  an  engineer  does  know  to-dav,  it  is  a  hopeful  sign  at 
the  present  time,  although  it  is  somewhat  inconvenient  to  11s  old 
people  on  the  subject,  who  perhaps  change  our  ideas  slowly,  that 
there  is  such  an  investigative  turn  as  your  Society  is  evincing.  It 
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is  tending  a  great  deal  towards  the  development  of  the  floor  sys¬ 
tem  of  heating ;  I  think  really  it  is  that  very  manner  of  the  accom¬ 
plishing  of  certain  things  by  the  expenditure  of  a  minimum 
amount  of  energy  that  is  the  main  and  most  important  thing.  I 
have  in  mind  a  plant  in  Pennsylvania  here,  where,  for  a  certain 
purpose,  there  were  a  large  number  of  fans  in  operation  that  re¬ 
quired  something*  between  500  and  600  horse-power.  When  the 
question  of  a  guarantee  came  up  we  guaranteed  to  take  out  one- 
half  of  that  plant  and  in  its  place  put  in  a  plant  that  would  take 
a  hundred  horse-power  plant.  It  was  done  and  so  successfully 
that  a  second  plant  was  installed,  practically  a  duplicate  of  the 
first,  to  do  25 more  work  than  was  previously  done  with  higher 
horse-power.  It  is  no  miracle,  but  simply  the  result  of  the  neces¬ 
sity  that  compels  a  man  to  be  alive  in  his  business. 

Chairman — Is  there  anyone  here  that  has  had  some  experi¬ 
ence  of  heating  by  centrifugal  fans? 

Mr.  Campbell — I  might  say  we  have  had  some  experience 
in  heating  with  electrically  driven  centrifugal  fans.  We  have 
used  a  system  in  general  the  same  as  outlined,  except  as  to  the 
heating  medium,  hot  water  was  used  instead  of  steam.  The  heat¬ 
ing  entries  in  the  various  buildings  were  provided  so  as  to  dis¬ 
tribute  the  air  to  best  advantage.  The  water  is  heated  in  large 
condensing  heaters  in  the  power  house.  All  the  exhaust  steam  is 
made  use  of  and  in  very  cold  weather  it  is  supplemented  'with  live 
steam.  The  water  is  continually  circulated  throughout  the  plant, 
perhaps  for  half  a  mile  from  the  power  house,  and  is  kept  at  a 
certain  temperature,  depending  upon  the  temperature  of  the  out¬ 
side  air ;  consequently,  after  the  system  was  once  regulated,  any 
particular  building  could  be  kept  at  a  fairly  uniform  temperature, 
which  was  made  to  suit  each  particular  building.  Every  build¬ 
ing  was  not  made  the  same  temperature,  but  some  buildings  were 
made  warmer  than  others.  For  example,  in  the  paint  shop  70° 
was  maintained,  and  during  this  past  winter  that  figure  could  be 
maintained  without  any  trouble  whatever.  The  outside  tempera¬ 
ture  ranged  anywhere  from  zero  to  50°,  by  varying  the  tempera¬ 
ture  of  the  circulating  water,  and  making  use  of,  in  addition  to 
that,  the  usual  arrangement  for  shutting  off  certain  heating  stacks 
and  for  varying  the  amount  of  air  taken  from  the  outside.  Speak- 
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ing  of  the  advantage  of  drawing  air  from  the  outside  of  the  build¬ 
ing,  we  also  had  a  very  forcible  example  in  the  round  house.  We 
put  in  there  a  fan  which  had  a  capacity  of  something  like  40,000 
cubic  feet  of  air,  drawing  air  from  inside  the  building,  but  on 
account  of  the  construction  of  the  building  it  was  practically  like 
heating  all  out-doors.  The  round  house  was  a  very  active  one 
and  the  doors  were  very  frequently  open.  Besides  this  there  was 
a  continuous  monitor  on  the  roof  near  the  outer  circumference 
with  windows  or-  each  side,  swinging  at  right-angles,  and  con¬ 
sequently  an  immense  amount  of  air  was  let  out.  Sometime  be¬ 
fore  next  winter  the  general  arrangement  will  be  changed,  air  will 
be  drawn  from  outside  and  in  larger  amount.  The  question  of 
fans  again  came  up  to  determine  whether  the  present  fans  could 
be  made  to  properly  heat  the  building,  and  it  was  found  they 
could,  but  the  amount  of  power  consumed  would  be  decidedly  ex¬ 
cessive  ;  consequently  the  fan  will  be  taken  out  and  a  fan  approxi¬ 
mately  2\  times  as  big  will  be  put  in.  The  amount  of  heating 
surface  was  not  quite  sufficient  and  that  will  also  be  taken  care  of. 
This  particular  building  is  heated  bv  using  the  duct  on  the  inside 
circle,  as  mentioned,  and  delivering  it  in  the  pit.  The  author  of 
the  paper  for  the  evening  mentioned  that  the  efficiency  of  the 
heating  surface  of  the  inner  rows  of  cribs  was  not  as  great  as  that 
of  the  coils  first  struck  by  the  air.  That  may  be,  of  course,  cor¬ 
rect,  but  heat  taken  out  per  square  foot  per  degree  difference  of 
temperature  between  the  air  and  the  steam  or  water  would,  T 
think,  be  the  same  no  matter  whether  you  take  the  first  or  the 
twentieth  coil.  To  find  that  out  we  made  a  number  of  experi¬ 
ments  and  found,  allowing  for  the  expansion  of  the  air,  that  we 
got  practically  the  same  efficiency  from  the  last  coil  as  we  did 
from  the  first  coil,  when  considering  transfer  of  heat  per  one 
degree  difference  of  temperature. 

Chairman — At  what  temperature  does  the  water  pass 
through  the  coils? 

Mr.  Campbell — The  temperature  of  the  water  passing 
through  the  coils  at  zero  weather  is  206° ,  according  to  the  sched¬ 
ule  we  put  in  force,  and  that  varies  down  to  about  160 0  as  the 
outside  temperature  raises.  I  might  sav  that  the  Terminal  station 
is  also  heated  by  the  same  general  system,  except  that  the  air  is 
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for  ventilation  only :  the  additional  heat  required  is  supplied  by 
direct  radiation.  All  last  winter  the  fluctuation  of  temperature  in 
that  building  was  not  more  than  ij°.  My  remarks  apply  to  the 
Pittsburg  &  Lake  Erie  shops  at  McKee’s  Rocks,  and  the  Pitts¬ 
burg  station. 

Chairman — You  spoke  of  some  constants,  Mr.  Hayward, 
for  the"  conduction  of  heat  through  the  different  surfaces.  That 
is,  different  materials.  What  would  you  recommend? 

Mr.  Hayward — Our  people  have  published  a  treatise  here 
on  the  question  of  ventilation  and  heating  and  there  is  a  little  list 
given  in  here.  I  think  these  constants  are  some  that  were  deter¬ 
mined  by  the  German  Government  and  we  have  had  them  trans¬ 
formed  to  American  units  by  Mr.  A.  R.  Booth,  an  American 
engineer  of  New  York  City;  and  a  few  of  those  coefficients,  or 
constants,  are  given  here,  but,  as  I  stated,  they  are  to  be  used  with 
a  great  deal  of  consideration. 

Mr.  James — I  should  like  to  ask  Mr.  Hayward  about  the 
ratio,  approximately,  in  which  the  pressure  varies  with  the  speed. 
He  speaks  of  different  devices  for  reducing  the  speed.  I  under¬ 
stand  from  the  discussion,  as  well  as  from  the  paper,  that  to 
lower  the  temperature  other  devices  than  a  reduction  in  the 
speed  are  used,  such  as  reducing  the  number  of  stacks,  or  pipes,  or 
the  temperature  in  those  pipes,  and  the  proportions  of  air  taken 
from  the  inside  and  outside ;  and  I  should  like  to  get  an  expres¬ 
sion  from  Mr.  Hayward,  roughly,  how  much  they  vary  this 
speed.  Do  they  reduce  it  one-half,  or  do  they  redudce  it  one- 
quarter?  I  appreciate  that  it  is  not  the  same  in  every  case,  but 
what  I  wish  is  a  general  expression. 

Mr.  Hayward — Well,  of  course  the  weather  varies  very  con¬ 
siderably,  and  it  is  simply  a  question  of  adjusting  the  speed  of 
the  fan  to  suit  the  weather  conditions ;  that  is  the  ordinarv  method 
of  operating  a  fan  system  of  heating  as  installed  in  factory  build¬ 
ings.  There  is  really  no  rule  for  determining  the  speed  of  the 
fan,  but  it  is  simply  a  question  of — I  am  sorry  to  say — not  very 
much  science,  but  simply  a  question  of  going  ahead,  and  if  any¬ 
body  kicks  we  turn  the  valve  -on  the  engine  and  make  it  go 
a  little  faster.  With  the  ordinary  system  it  would  be  considered 
more  desirable  to  regulate  the  speed  of  the  fan  than  to  cut  out 
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one  or  two  sections.  By  reducing  the  speed  of  the  fan  we 
reduce  the  amount  of  power  required,  and  we  would  save  more 
that  way,  I  think,  than  by  cutting  out  one  or  two  sections,  because 
these  sections  would  be  using  exhaust  steam  anyway.  But  there 
is  no  specific  way  of  regulating  it,  except  the  conditions  and  the 
temperament  of  the  man  in  the  building. 

Mr.  James — That  doesn’t  get  at  what  I  want.  In  other 
words,  is  the  velocity  in  proportion  to  cube  of  the  speed  ?  Is 
there  not  a  maximum  speed  and  also  a  minimum  speed  beyond 
which  it  is  not  economical  to  run  the  fan? 

Mr.  Hayward — The  volume  varies  directly  as  the  speed,  and 
the  pressure  varies  as  the  square  of  the  speed,  and  the  horse-power 
required  varies  with  the  cube  of  the  speed.  For  instance,  if  we 
are  operating  a  fan  with  100  revolutions  and  it  takes  two  horse¬ 
power,  and  we  double  that  speed,  we  have  to  multiply  our  pres¬ 
sure  that  we  get  by  four,  the  power  required  would  be  eight  times 
as  much.  The  volume  varies  directly  as  the  speed  of  the  fan, 
the  pressure  varies  according  to  the  square,  and  the  power  varies 
in  accordance  with  the  cube  of  the  speed.  That  can  be  traced 
back,  I  believe,  similar  to  the  law  of  falling  bodies.  The  loss  in 
the  ducts  does  not  enter  into  it.  It  is  simply  a  matter  of  practice 
in  proportion  to  the  ducts.  If  they  are  made  large  enough  there 
would  be  practically  very  little  loss  in  the  ducts.  It  depends  upon 
their  size. 

Mr.  Stuck  1 — Mr.  Hayward  mentioned  that  to  each  size  fan 
belongs  a  certain  size  of  coil.  However,  we  used  alternate  sections 
for  exhaust  and  live  steam.  Now  it  looks  to  me  that  possibly  in 
using  exhaust  steam  only  we  had  a  coil  only  half  as  large  as  we 
should  have  used  for  that  sized  fan,  provided  the  combined  evil 
was  proportioned  properly.  Therefore,  I  would  like  to  know 
whether  it  is  correct  to  follow  that  system  and  to  use  certain 
sections  for  exhaust  steam  and  at  all  times,  while  other  sections 
are  reserved  for  live  steam  in  severe  weather,  or  would  it  be 
better  practice  to  use  at  all  times  the  same  number  of  sections 
for  that  certain  size  fan? 

Mr.  Hayward — We  are  using  exhaust  steam  or  live  steam ; 
the  live  steam  heater  is  not  as  deep,  as  the  air  does  not  pass  over 
as  many  coils,  because  the  steam  is  of  a  high  temperature. 
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Mr.  Gifford — In  answer  to  the  question,  it  would  seem  to 
me  thus :  That  primarily  the  area  of  the  coil  is  to  be  determined 
by  the  amount  of  air  that  is  to  be  moved  over  it,  regardless  of 
whether  you  have  the  conductor  or  not.  What  would  result  by 
the  use  of  steam,  whether  live  or  exhaust,  would  be  the  tempera¬ 
ture  effect  upon  that  area ;  or  in  other  words,  as  shown  in  Mr. 
Hayward’s  paper,  if  we  put  twenty  coils  with  exhaust  steam  we 
would  get  a  temperature  of  approximately  1250  ;  if  we  made, 
suppose  a  high  pressure  steam,  we  would  get  approximately  150° 
temperature,  depending,  of  course,  upon  the  inital  conductor  of 
the  air,  that  is  assuming  that  it  would  be  about  zero ;  about  30° 
above  zero  would  add  15  °.  Of  course  the  final  temperature  is  not 
increased  in  proportion  as  the  initial  temperature  is  increased. 
It  would  be  somewhat  less.  But  so  far  as  the  size  of  the  coil — 
I  believe  the  gentleman  refers  to  the  area  of  the  coil — that  would 
be  determined  primarily  by  the  question  of  how  much  air  you 
could  get  over  it.  One  thousand  and  eight  hundred  feet  is  con¬ 
sidered  practical  velocity  of  the  air  over  a  heater.  Nowq  if  that  is 
increased  to  2,000  feet  per  minute,  naturally  the  more  rapid 
passage  of  the  air  will  not  take  up  proportionately  so  much  heat, 
but  because  the  velocity  is  higher  it  does  not  detract  from  the 
added  heat  as  much  as  it  adds  to  the  heat  when  you  reduce  it 
200 ;  or,  in  other  words,  theoretically  an  increase  of  200  feet 
velocity  would  reduce  the  temperature  5$,  and,  theoretically,  the 
reduction  of  velocity  would  increase  15$.  Practically,  it  is  not 
any  cause  of  the  higher  velocity.  It  is  very  difficult  to  get  heat 
into  the  air,  and  it  is  likewise  difficult  to  get  heat  from  it,  because 
it  passes  into  it  slowly  and  it  is  given  out  slowly.  As  for  sugges¬ 
tion,  let  us  say  that  if  theoretically  the  temperature  would  be  re¬ 
duced  5 <fo  by  increasing  the  velocity  to  2,000,  practically  it  would 
not  reduce  it  over  4$,  whereas  a  reduction  of  the  velocity,  which 
would  increase  the  temperature,  would  probably  hold  up  the  5^. 

Mr.  Stuck  1 — With  regard  to  the  entrance  of  air  into  the 
room,  Mr.  Hayward  has  mentioned  it  is  good  practice  to  enter 
it  about  eigfft  feet  from  the  floor  all  around  the  building.  I  know 
many  shops  equipped  that  way,  and  in  some  of  the  paint  shops 
the  air  is  removed  through  openings  in  the  floor  and  forced  back 
through  conduits  to  the  engine  room.  Here  it  is  mixed  with 
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fresh  air,  reheated  and  recirculated.  But  in  several  school  build¬ 
ings  I  know  the  air  enters  the  rooms  just  at  the  ceiling  and  is 
taken  out  at  the  door,  as  mentioned  before,  but  right  in  front  of 
the  windows.  1  suppose  this  is  done  so  as  to  take  hold  of  the  cold 
current  which  drops  naturally  at  the  windows  and  to  prevent  it 
from  striking  the  children.  But  it  is  not  exactly  clear  to  me  why 
the  air  should  enter  at  the  ceiling  in  a  school  building  and  near 
the  floor  in  the  shop. 

Mr.  Gifford — If  T  understand  what  has  been  said,  it  is  this: 
In  the  heating  of  a  school  building  the  cubical  space  usually 
allotted  per  occupant  is  about  225  feet,  that  has  become  more  or 
less  of  a  standard.  The  State  of  Massachusetts  was  the  initial 
State  to  take  action  upon  the  question  of  ventilation  and  they  ap¬ 
pointed  a  committee  who  decided  upon  this  space ;  it  is  considered 
around  the  country  that  it  is  a  law.  It  is  not  a  law,  but  a  privi¬ 
lege  given  the  State  Board  of  Police.  It  just  recalls  something: 
A  gentleman  was  asked  by  the  State  Board  of  Police  to  write  the 
necessary  requirements  for  the  fan  system  and  he  proposed  that 
they  should  give  their  pupils  fifty  feet  of  air  per  minute.  He  was 
a  little  in  doubt  after  he  wrote  this  out  and  he  came  to  me  and  I 
saw  at  a  glance  that  it  would  simply  blow  the  people  out  of  the 
room.  A  change  of  air  about  once  in  eight  minutes  and  some¬ 
times  once  in  six  is  the  limit  of  possibility  in  introducing  air  into 
the  room  unless  you  should  have  it  perforated  in  the  top  and  bot¬ 
tom.  It  is  impossible  to  get  a  more  rapid  change  than  once  in 
six,  or  probably  eight  minutes.  As  they  bring  the  air,  usually, 
into  the  room  at  one  point  it  must  come  at  a  high  velocity. 
Therefore,  it  is  necessary  to  get  it  above  the  heads  of  the  occu¬ 
pants  and  allow  it  to  divide  itself  and  spread  out  over  the  room, 
and  by  given  direction  from  two  causes,  one  the  leakage  through 
the  doors,  etc.,  and  the  other  through  the  provided  ducts  for 
going  out.  The  other  point  is,  in  the  school  room  it  is  brought  in 
horizontally,  whereas  in  the  shop  it  is  brought  in  vertically.  If 
the  egress  of  the  air  was  kept  over  the  head  the  air  would  not 
come  to  the  floor,  because  it  has  the  same  efficiency  to  rise  as 
though  it  came  off  the  hot  steam  surface.  Theoretically,  of 
course,  the  proper  way  in  a  room  having  a  large  number  of  occu¬ 
pants  is  to  bring  the  air  in  below  through  a  perforated  floor  and 
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out  through  the  ceiling.  The  rule,  however,  that  upward  ventila¬ 
tion  where  the  air  is  heated  in  transit,  as  it  passes  through  by  con¬ 
tact  with  the  bodies  in  it  and  by  heat  given  off,  etc.,  would  be  a 
very  theoretical  way  of  doing  it.  Carbonic  acid  gas  given  off 
would  go  to  the  floor,  so  in  a  school  room  air  is  brought  in  hori¬ 
zontally  at  the  top  of  the  room.  I  think  drawing  it  out  under  the 
windows  was  an  accident.  Usually,  if  it  was  a  room  like  this,  the 
air  should  be  brought  in  here  and  distributed  lengthwise  and  then 
back  and  out  very  near  where  it  came  in,  except  at  the  floor  line 
instead  of  above.  In  a  factory  system  the  air  is  brought  down 
and  distributed  vertically;  this  is  compromised  because  the  place 
is  occupied  by  tools,  and  if  there  is  any  inconvenience  it  generally 
is  one  machine  or  so,  so  that  in  both  cases  I  think  the  principle  is 
correct,  although  the  application  is  really  quite  different.  In  re¬ 
gard  to  the  question  of  speed  at  which  a  system  would  operate, 
I  think  it  would  depend  very  largely  upon  the  question  of  whether 
you  did  or  did  not  have  an  ample  system  of  distribution.  If  you 
had  pipes  up  here  thirty  or  forty  feet  high,  and  it  being  desired  to 
bring  that  air  to  the  floor,  the  air  to  operate  that  would  have 
to  come  off  the  steam  supply.  I  think  that  would  be  the  determin¬ 
ing  feature  rather  than  almost  anything  else.  I  have  in  mind  a 
railroad  shop  in  the  West  put  in  twenty  years  ago  where,  except 
at  high  speed,  the  air  passed  out  of  the  pipes  and  went  out  around 
the  top  of  the  building;  it  was  90°  at  the  top  when  water  on  the 
floor  froze. 

Mr.  Stuckj — Mr.  Hayward  has  mentioned  cone-wheels. 
Are  they  much  used  for  heating  and  ventilating  buildings? 
Would  also  like  to  know  to  what  extent  the  coils  are  used  to 
cool  the  air  during  the  extreme  hot  weather. 

Mr.  Hayward — It  is  used  to  a  limited  extent,  but  not  any¬ 
where  near  as  much  as  the  ordinary  fan  wheel.  It  is  a  great  deal 
like  the  ordinary  blast-wheel.  In  regard  to  the  water  circulating 
in  those  coils,  I  only  know  of  one  case  in  my  experience  where 
that  was  used,  and  I  think  it  was  effective  in  that  case,  and  there 
the  particular  conditions  made  it  very  cheap  for  them  to  use  it. 
The  building  was  located  at  the  foot  of  a  large  hill  and  there  was 
a  very  nice  spring  up  the  hill ;  it  was  a  very  easy  operation  to  keep 
those  coils  cool  with  the  water  circulating  through  them.  In  the 
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summer  time  it  was  very  effective.  I  simply  mentioned  that  as  a 
possibility. 

Chairman — If  the  water  were  allowed  to  trickle  over  the 
pipes  that  would  produce  considerable  cold,  would  it  not?  The 
water  would  evaporate  into  the  air  and  thus  cool  it. 

Mr.  Hayward — Yes;  we  have  a  common  tower  arranged 
with  simply  a  stack  about  18"  wide  built  up  with  an  angle  iron 
frame  where  the  water  is  allowed  to  trickle  down  over  the  top  of 
that,  and  at  the  velocity  we  usually  install  them  it  was  found  the 
air  will  come  down  to  io°.  It  was  found  to  be  very  effective  for 
cleaning  as  well  as  cooling  the  air,  but  it  would  not  be  practical, 
of  course,  in  ordinary  factory  buildings,  such  as  laundries  and 
that  sort  of  thing. 
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THIS  SOCIETY  DOES  NOT  hold  ITSELF  RESPONSIBLE  FOR  the  OPINIONS  OF  ITS  HEHBERS 


The  two  hundredth  and  forty-sixth  regular  monthly  meeting 
of  the  Engineers’  Society  of  Western  Pennsylvania  was  held  at 
the  Society’s  House,  410  Penn  Avenue,  Pittsburg,  Pa..  Tuesday 
evening,  June  21,  1904,  at  8:20  P.  M.,  Vice  President  G.  E. 
Flanagan  in  the  chair.  Forty-one  members  and  visitors  present. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  report  that  they  had  approved  the 
following  applications  for  membership  and  present  same  to  the 
society  for  action : 


NAME. 


OCCUPATION  AND  ADDRESS.  ENDORSED  BY. 


W.  E.  BENTLEY, 


Sales  Agent, 

Rust  Boiler  Company, 

5  Colonial  Annex,  Wilkinsburg,  Pittsburg. 


Henry  M.  Wilson, 
L.  F.  W.  Hildner, 
F.  S  Rice. 

Pa. 


f  Geo.  S.  Davis, 

JAMES  G.  CHALFANT,  -  Ass’t  Engineer,  -  -  Emil  Swensson, 

Bureau  of  Surveys,  Pittsburg.  Pa.,  I  Willis  Whited, 
h.,  Si.  Clair  aud  Callowhill  Sts.,  Pittsburg,  Pa. 


ROY  K.  CRAMER, 

ADAM  E.  DAUM, 


Secretary, 

Jutte  tfc  Foley  Company, 

32  Conestoga  Bldg.,  Pittsburg,  Pa. 

President, 

Pope  Cement  &  Brick  Co., 

121  Wood  St.,  Pittsburg,  Pa. 


(  W.  M.  Judd, 

•j  H.  G.  Shaw, 

(  Louis  P.  Blum, 

(  Frans  Engstrom, 
a  G.  E.  Flanagan, 

I  J.  M.  Camp. 


ROBERT  GORDON  GREGORY,  Pgh.  Manager, 

The  Lagonda  Mfg.  Company, 
h.,  2  Everett  St.,  Wilkinsburg,  Pa. 

JOHN  FREDRICK  JOHNSON,  Special  Engineer, 

Pressed  Steel  Car  Company, 

P.  S.  C.  Co.,  McKees  Rocks,  Pa. 


f  R.  A.  Cummings, 
Chas  Worthington, 
( J.  M.  Camp. 

)  Frans  Engstrom, 

J.  M.  Camp, 

Chas.  Worthington. 


ALBERT  A.  LANE,  -  -  Engineer,  - 

Taylor,  Wilson  &  Co.,  Ltd., 
h.,  Grant  Ave.,  Allegheny,  Pa. 


f  F.  V.  McMullin, 
s  Sam’l  E.  Diescher, 
(C.  H.  Sample. 
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FRANK  R.  LAYNG,  -  Ass’t  Engineer, 

Bessemer  &  Lake  Erie  R.  R., 
h.,  Greenville,  Pa. 

CIIAS.  A.  L1NDSTROM,  -  Chief  Engineer, 

Pressed  Steel  Car  Company, 
h.,  35  Library  Place,  Allegheny,  Pa. 


f  Geo.  T.  Barnsley, 

<  J.  M.  Camp, 

ISam’l  Diescher. 

{Frans  Engstrom, 

J.  M.  Camp, 

Chas.  AVorthington. 


It  was  moved  and  seconded  that  the  Secretary  be  instructed 
to  cast  a  ballot  electing  these  applicants  to  membership. 

Mr.  Flanagan — There  being  no  further  business  we  will 
now  listen  to  the  paper  of  the  evening : 
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SAFEGUARDS  IN  BITUMINOUS  COAL  MINING. 

BY  VV.  E.  FOHL. 

“Experience  is  a  good  schoolmaster,  but  his  fees  are  heavy.” 
A  long  and  eventful  history  lies  back  of  the  mining  industry  of 
to-day.  Some  of  its  lessons  have  been  acquired  with  lavish  ex¬ 
penditures  of  concrete  human  effort  and  that  great  potential 
energy,  Capital.  Too  many  of  them  have  been  learned  at  the 
expense  of  human  life.  . 

This  industry  is  so  woven  into*  the  fabric  of  human  endeavor 
that  it  must  continue  at  any  cost.  It  behoves  us  then  as  con¬ 
servators  of  energy  to  scan  well  the  dearly  bought  lessons  of  its 
history.  If  they  have  been  sufficient  to  allow  us  to  avoid  the  catas¬ 
trophes  that  occur  from  time  to  time,  we  must  fix  them  well  in 
our  minds.  If  they  leave  problems  still  unsolved,  for  them  solu¬ 
tions  must  be  sought.  Almost,  if  not  quite,  enough  knowledge 
exists  to  avoid  the  known  dangers.  The  difficulty  lies  in  the  fact 
that  the  sum  total  of  this  knowledge  is  not  shared  by  all  of  those 
whose  lives  and  capital  are  at  stake.  With  so  much  that  is  vital 
at  issue,  these  lessons  must  be  gone  over  carefully  and  repeatedly, 
and  the  most  trivial  features  of  them  stamped  indelibly  on  the 
memory  of  those  in  interest.  In  this  industry,  above  all  others, 
every  man  is  “his  brother’s  keeper.”  It  needs  in  many  cases  but 
one  imprudent  action,  or  the  neglect  of  one  apparently  trivial 
precaution,  to  bring  down  destruction  upon  innocent  and  guilty 
alike. 

It  is  not  to  be  expected  that  all  of  the  intricate  details  of  this 
industry  should  be  thoroughly  understood  bv  every  individual 
engaged  in  it.  There  must  be  rules,  however,  laid  down  by  those 
having  the  requisite  knowledge  and  experience,  and  this  has  been 
attempted  in  legislative  enactments  by  the  various  states  in  which 
mining  is  carried  on.  Prominent  among  these  is  the  Act  of  1893 
of  the  State  of  Pennsylvania.  This  was  formulated  by  a  special 
commission  composed  of  nine  inspectors,  nine  operators  and  nine 


316  ENGINEERS*  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

miners.  As  is  well  known,  the  Mine  Inspectors  of  the  State  of 
Pennsylvania  are  selected  by  competitive  examination  from  a 
large  number  of  applicants.  The  mine  operators  were  men  with 
an  intimate  personal  knowledge  of  mines  and  the  methods  used 
in  their  working.  The  miners  were  recommended  by  their  labor 
organizations  and  were  worthy  representatives  of  their  class.  It 
would  b~e  difficult  to  improve  upon  the  personnel  of  this  commis¬ 
sion,  and  the  Act  is  a  monument  to  their  good  intentions  and 
sound  judgment.  Some  liberties  were  taken  with  it  after  it  had 
passed  out  of  their  hands  into  the  hands  of  the  legislative  commit¬ 
tee.  Some  of  the  changes  made  were  for  the  better,  but  some 
others  were  decidedly  for  the  worse.  It  is,  however,  the  most  com¬ 
prehensive  one  attempted  in  the  United  States,  and  has  served 
well  its  purpose.  Its  smooth  working  goes  far  to  show  that  its 
scope  could  safely  be  very  much  broadened,  and  that  many  of  its 
provisions,  which  are  now;  merely  suggestive,  could  be  made 
specific  and  mandatory  to  the  great  benefit  of  all  engaged  in  this 
industry. 

In  the  writer's  opinion  the  time  is  ripe  for  a  remodeling  of 
this  law,  and  it  is  hoped  that  some  of  the  suggestions  advanced  in 
this  paper  will  show  the  necessity  for  this.  This  movement 
should  be,  at  the  least,  general  enough  to  include  the  States  of 
Pennsylvania,  Ohio,  West  Virginia  and  Maryland.  In  fact  the 
conditions  attendant  upon  the  mining  of  bituminous  coal  are  every¬ 
where  so  nearly  alike  that  no  sufficient  reason  can  be  advanced 
why  the  laws  regulating  the  same  should  not  be  uniform  through¬ 
out  the  nation.  This  paper  will  make  no  attempt  to  say  finally 
what  should  be  the  changes  made  in  the  various  legislative  acts. 
It  goes  without  saying  that  this  can  be  done  by  no  one  man.  It 
should  be  the  wmrk  of  a  carefully  chosen  commission,  given 
ample  time  to  investigate  the  numerous  and  important  experi¬ 
ments  made  abroad,  and  with  sufficient  money  to  continue  some 
of  the  more  important  experiments  under  the  conditions  existing 
in  the  United  States. 

I  wish  to  emphasize  particularly  this  need  of  uniformity. 
The  final  marketing  of  the  product  brings  into  competition  coal 
from  many  different  states.  Close  competition  renders  inevitable 
and  natural  a  careful  scrutiny  of  pay  rolls.  If  laws  are  more 
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stringent  in  one  locality  than  another,  it  is  then  readily  apparent 
that  this  stringency  is  the  cause  of  increased  cost  of  production. 
W  hen  this  is  once  shown,  no  matter  how  good  the  intentions,  the 
effect  will  be  that  the  law  will  be  liberally,  and  in  many  cases, 
loosely  interpreted.  A  great  number  of  the  miners,  too,  are  of  a 
roving  disposition.  These,  as  a  rule,  are  the  least  intelligent;  and 
it  would  seem  to  be  of  primary  importance  that  rules  regulating 
conduct  in  mines  should  be  uniform  and  their  infractions  easily 
punishable,  in  order  to  firmly  fix  their  observance  in  the  habits  of 
this  floating  contingent. 

The  first  draft  of  the  Act  of  1893  of  Pennsylvania  contained 
the  provision  that  the  mine  workings  should  be  laid  out  by  the 
mining  engineer,  the  mine  superintendent,  and  the  mine  foreman, 
in  conjunction.  As  it  now  stands  no  provision  is  made  for  a  pre¬ 
liminary  inspection  of  mine  layouts,  and  many  exi^t  that  show 
conclusively  the  work  of  unskilled  minds  and  which  contain 
features  detrimental,  both  to  the  welfare  of  the  miners,  and  to  the 
interest  of  the  people  whose  capital  is  invested  therein.  The  law, 
however,  regulates  the  number  of  men  who  shall  work  in  any  one 
split  of  the  air  current ;  and,  in  conformity  with  this,  mines  have 
been  laid  out  variously  with  double,  treble  and  quadruple  entries. 
Many  operating  companies  have,  at  considerable  expense,  carried 
the  matter  of  the  mine  layout  and  development  to  a  high  degree 
of  perfection.  In  this  matter,  as  well  as  in  many  others,  some  of 
the  leading  companies  have  gone  far  beyond  the  limits  set  by  the 
law. 

The  layout  should  be  based  on  maps  made  from  accurate 
surveys,  with  exact  locations  of  all  prominent  surface  features. 
Surveys  without  error  are,  of  course,  a  physical  impossibility,  but 
with  the  instruments  at  the  command  of  the  modern  surveyor,  i.  e., 
the  transit,  fitted  for  measuring  vertical  angles,  and  the  1,000- foot 
tape,  surveys  have  actually  been  made  with  an  error  of  but6/ioths 
of  a  foot  to  the  mile.  It  would  seem  entirely  feasible  to  assign 
some  limit  of  error  by  law,  even  tliough  the  standard  might  not 
be  so  high  as  above  indicated ;  and  a  critical  examination  of  the 
maps  to  determine  their  accuracy  would  be  a  simple  matter. 
\\  hen  lands  belonging  to  the  Commonwealth  of  Pennsylvania  are 
surveyed,  and  patents  issued,  it  is  required  that  the  actual  calcu- 
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lations  of  their  boundaries  and  areas  shali  be  submitted  to  the 
State  officials.  It  would  seem  important  that  surveys  upon  which 
may  depend  the  lives  of  the  State’s  citizens  should  receive  at 
least  as  much  consideration,  and  this  assumes  special  importance 
in  sections  where  the  coal  veins  are  penetrated  by  oil  and  gas 
wells.  The  surveys  of  coal  lands  should  be  checked  in  a  similar 
manner  and,  before  any  work  is  started,  a  plan  showing  the  pro¬ 
posed  layout  should  be  examined  to  test  its  conformity  with  the 
mine  law. 

On  the  subject  of  ventilation,  probably  more  time  and 
thought  has  been  spent  than  on  any  other  one  subject  connected 
with  mines.  Here,  too,  the  laws  are  not  specific  enough,  and  too 
much  is  left  to  the  discretion  of  the  individual.  Without  entering 
into  a  detailed  discussion  of  this,  it  would  seem  advisable  that 
hoisting  shafts  and  haulage  ways  should  always  be  the  inlet  for 
fresh  air,  regardless  of  the  season  of  the  year,  and  all  return  air 
ways  should  be  rendered  inaccessible  to  any  but  properly  consti¬ 
tuted  officials  for  the  purpose  of  examination,  the  purpose  of  this 
being  to  preclude  all  contact  with  the  vitiated  mine  air,  except  in 
the  actual  working  places,  and  there,  only  within  the  confines  of  a 
well  defined  split  of  the  air  current,  which,  after  having  served  its 
purpose,  should  be  conducted  into  the  inaccessible  return,  where 
no  one  who  is  ignorant  or  careless  of  the  danger  it  contains  may 
turn  loose  its  destructive  properties. 

The  reversible  fan  may  have  a  very  positive  value  in  the  case 
of  accident,  but  in  many  instances  it  is  now  used  to  reverse  the 
current  of  air,  to  suit  the  seasons  of  the  year.  The  principal  rea¬ 
sons  for  this  change  are  to  prevent,  in  wet  shafts,  the  accumulation 
of  ice  in  the  hoisting  shaft,  and  to  make  the  temperature  more 
comfortable  at  the  shaft  bottom,  for  the  men  at  work.  This 
change  of  air  current  with  the  seasons  is,  to  a  certain  extent,  a 
survival  of  the  times  when  it  was  difficult  to  secure  sufficient 
ventilation  with  the  apparatus  available.  At  the  present  time  very 
few  mines  of  any  considerable  size  are  opened  without  provisions 
being  made  for  fans  that  have  a  capacity  of  any  where  from 
200,000  to  500,000  cubic  feet  of  air  per  minute  against  a  mine 
resistance  represented  by  a  water  gauge  of  from  two  to  three 
inches.  Very  few  well  regulated  mines  give  water  gauges  as  high 
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as  this,  and  according  to  the  most  rigid  requirements  of  the  pres¬ 
ent  bituminous  mining  law  of  Pennsylvania,  which  calls  for  150 
cubic  feet  of  air  per  minute  for  each  and  every  person  employed 
in  the  mine,  such  fans  would  provide  for  working  forces  ranging 
in  number  from  1,300  to  3,000.  These  numbers  far  exceed  the 
requirements  of  any  development  of  bituminous  mines  at  present, 
and  it  will  be  readily  seen  that  so  far  as  the  volume  of  air  is  con- 
cerned,  the  matter  of  ventilation  is  far  in  advance  of  any  other 
department  of  bituminous  mining.  The  ice  accumulation  can  be 
obviated  by  properly  constructed  shaft  rings,  and  the  comfort  of 
the  comparatively  small  number  of  men  at  the  shaft  bottom 
should  be  no  bar  to  the  general  safety  of  the  mine. 

The  development  of  ventilating  apparatus  before  mentioned 
has  been  brought  about  by  the  exudation  of  explosive  gases  from 
the  coal.  It  has  now  become  possible  with  these  immense  volumes 
of  air  to  dissipate  and  carry  off  the  gases,  but  these  large  bodies 
of  air  sweeping  with  great  velocity  through  the  air  ways,  have 
a  tendency  to  take  up  the  moisture  with  which  the  mines  are 
normally  charged  and  dry  out  the  dust  which  is  present  wherever 
bituminous  mining  is  carried  on.  This,  under  certain  favorable 
conditions,  becomes  a  more  frightful  menace  than  the  explosive 
fire-damp  which  has  kept  the  mining  world  in  terror  for  many 
generations.  The  fire-damp  very  rarely  explodes  over  the  whole 
of  the  mine  at  one  time ;  while  a  very  slight  explosion,  which  is 
either  caused  or  augmented  by  dust,  is  extremely  likely  to  follow 
from  place  to  place,  gathering  force  with  its  progress  and  pene¬ 
trating  every  crevice  of  the  mine,  giving  what  is  known  abroad  as 
a  “Monster’’  explosion.  The  recent  deadly  explosion  at  the  Har¬ 
wich  mine,  where  but  one  man  out  of  178  within  the  mine  came 
out  alive,  is  a  striking  example  of  the  dangers  attendant  upon 
this  class  of  explosions.  The  greater  danger  of  dust  as  compared 
with  fire-damp  is  shown  in  the  following  paragraph  taken  from 
the  “Transaction  of  the  Mining  Institute  of  Scotland,”  being  a 
portion  of  an  exhaustive  paper  on  explosions  in  coal  mines,  pre¬ 
pared  by  J.  B.  Atkinson : 

“Mixtures  of  fire-damp  and  air  are  only  capable  of  transmit¬ 
ting  flame  within  certain  limits.  There  must  be  from  5  to  203 
by  volume  of  fire-damp  in  the  mixture.  The  case,  with  respect 
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to  coal-dust,  and  air  does  not  appear  to  be  parallel.  One  pound  of 
coal  dust  and  160  cu.  ft.  of  air  are  required  for  complete  combus¬ 
tion.  Assuming  an  air  way  to  be  8  ft.  x  5  ft.  sectional  area,  and 
taking  coal-dust  to  weigh  twenty-six  pounds  per  cu.  ft.,  then  for 
each  160  cu.  ft.  of  air  in  such  a  road  to  be  supplied  with  one  pound 
of  coal-dust,  the  surfaces  of  the  road  would  require  to  be  coated 
with  a  film  of  dust  1  /22S  inch  thick.  Such  a  quantity  is  far  below 
what  in  practice  is  present  on  ordinary  dusty  roads,  along  many 
of  which  it  has  been  observed  that  an  explosion  has  passed  with 
great  force.  These  roads  would,  at  the  time  of  the  explosion, 
have  suspended  in  the  air  a  quantity  of  dust  in  excess  of  one 
pound  to  160  cubic  feet  of  air,  and  in  no  case  where  the  dust  was 
pure  has  the  writer  seen  any  evidence  that  the  passage  of  the  ex¬ 
plosion  has  been  checked  by  an  excess  of  dust.  It  seems  that  in  a 
coal-dust  explosion  a  minimum  quantity  of  dust  must  be  present, 
which  is  probably  much  greater  that  the  quantity  named  as  being 
required  for  perfect  combustion,  but  practically  no  maximum.  If 
this  be  true,  it  has  an  important  bearing  on  the  question.  The 
minimum  quality  of  coal-dust  occurs  constantly  over  long  lengths 
of  roads  in  mines,  and  consequently  the  conditions  are  present  for 
propagation  of  a  coal-dust  explosion.  This  is  to  say,  many  roads 
in  mines,  in  their  normal  condition,  contain  the  necessary  agents 
for  an  explosion  of  coal-dust  and  air,  while  a  similar  state  of 
things,  due  to  the  presence  of  fire-damp  and  air,  is  an  abnormal 
condition.” 

It  has  been  variously  attempted  to  avoid  this  danger,  both  by 
sprinkling  in  dusty  localities  and  by  attempting  to  saturate  the 
incoming  air  with  moisture.  There  is  in  this  one  particular,  a 
broad  field  for  investigation  as  to  feasible  and  efficient  methods  of 
meeting  this  danger.  A  promising  suggestion  has  been  made  and 
acted  on,  to  a  limited  extent,  in  a  few  localities — this  being  to  take 
advantage  of  the  powerful  fans,  at  a  time  when  the  mine  is  idle, 
to  turn  the  full  force  of  the  air  current  in  the  various  splits,  tak¬ 
ing  them  one  at  a  time,  and  thus  withdrawing  from  the  mine  the 
dangerous  dust.  It  has  been  stated  that  German  experiments 
show  that  the  dust  which  will  remain  quiescent  in  the  presence  of 
a  current  of  air  traveling  at  a  rate  of  forty  miles  per  hour 
harbors  no  danger  as  an  explosive.  If  this  is  proven  correct,  it 
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will  be  a  simple  matter  to  modify  the  designs  of  our  fans,  increas¬ 
ing  the  diameter  and  decreasing  the  width,  thus  materially  aiding 
in  the  solution  of  the  dust  problem  without  making  any  addition 
to  a  cost  of  production  which  is  already  heavy. 

The  distinction  which  is  now  made  by  the  mining  laws  lx*- 
tvveen  gaseous  and  non-gaseous  mines  should,  in  the  opinion  of 
the  writer,  be  abolished.  There  are,  no  doubt,  mines  which  never 
have,  nor  ever  will,  generate  explosives  gases  in  “sufficient  quanti¬ 
ties  to  be  detected  by  the  ordinary  safety  lamp,*’  but  it  will  either 
be  a  bold  man,  or  one  who  has  some  financial  interest  at  stake, 
who  will  undertake  to  state  definitely  that  any  particular  mine 
belongs  in  this  class.  The  dangers  attendant  upon  coal  mining 
would  be  reduced  to  a  minimum,  if  every  operation  were  con¬ 
ducted  in  the  same  careful  manner  as  is  absolutely  necessary  in  a 
large  majority  of  the  mines  in  operation.  .  Certainly  no  one  will 
attempt  to  gainsay  the  benefits  arising  from  such  careful  methods 
of  operation — benefits  which  will  be  shared  alike  by  every  miner 
and  every  official.  One  of  the  first  steps  in  this  direction  should 
be  the  prohibition  of  all  open  lights  and  the  substitution  of  a  safety 
lamp  which  cannot  be  opened  without  special  appliances.  Strong 
prejudice  exists  among  miners,  who  have  had  any  experience  with 
open  lights,  against  safety  lamps  on  account  of  the  weight,  incon¬ 
venience  and  the  inferior  quality  of  the  light.  None  of  these  dis¬ 
advantages  would  seem  incurable  in  the  light  of  what  has  already 
been  accomplished  by  human  ingenuity. 

Many  of  our  disastrous  explosions  have  been  directly  charge¬ 
able  to  the  explosives  used  in  blasting  down  the  coal — either  by 
reason  of  their  inflammable  nature,  or  by  imperfect  shots  blowing 
out  and  igniting  gas  or  dust,  or  by  both  in  conjunction.  Many 
are  ready  to  proclaim  that  no  such  thing  as  a  flameless  explosive 
exists,  and  many  others  are  equally  certain  that  some  classes  of 
explosives  carry  with  them  no  danger  in  this  particular.  But 
there  is  no  doubt  that  many  exhaustive  experiments  made  abroad 
during  the  last  ten  or  twelve  years  show  that  this  danger  may  be 
almost,  if  not  completely  nullified.  It  seems  imperative,  however, 
that  the  actual  use  of  the  explosives  should  be  taken  out  of  the 
hands  of  the  common  miner  and  left  with  skilled  men  who  make 
a  specialty  of  this  class  of  work. 
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Rule  15  of  the  Pennsylvania  Mining  Act  of  1893  states  that, 
‘‘When  places  are  liable  to  generate  sudden  volumes  of  fire-damp, 
or  where  locked  safety  lamps  are  used,  no  miner  shall  be  allowed 
to  fire  shots,  except  under  the  supervision,  and  with  the  consent, 
of  the  mine  foreman,  or  his  assistant,  or  other  competent  person 
designated  by  the  mine  foreman  for  that  purpose.”  This  rule 
is  usually  interpreted  by  appointing  a  man,  who  is  designated  as 
the  “shot-firer,”  and  who  is  expected  to  make  an  examination  for 
gas,  and  when  none  is  present,  to  fire  the  shot.  This  provision 
is  not  comprehensive  enough,  as  it  leaves  one  of  the  most  dan¬ 
gerous  features  of  the. shooting,  i.  e.,  the  drilling  and  the  loading 
of  the  hole  in  the  hands  of  the  man  who  mav  be  skillful,  but  is  far 
more  likely  to  be  ignorant  of  what  is  actually  required. 

One  of  the  positions  of  great  responsibility  in  mines  is  held 
by  the  fire  boss.  Upon  him  devolves  the  duty  of  the  examina¬ 
tion  of  the  mining  places  and  the  decision  as  to  whether  they  are 
in  a  safe  and  fit  condition  for  the  entrance  of  the  men.  His  duties 
as  defined  by  the  Act  of  1893  of  Pennsylvania,  are  comprised  in 
the  following : 

“In  all  mines  wherein  explosive  gas  has  been  generated, 
within  the  period  of  six  months  next  preceding  the  passage  of 
this  Act,  and  also,  in  all  mines  where  fire-damp  shall  be  gener¬ 
ated  after  the  passage  of  this  Act,  in  sufficient  quantities  to  be 
detected  by  the  ordinary  safety  lamp,  every  working  place,  with¬ 
out  exception,  and  all  roadways  shall  be  carefuly  examined  im¬ 
mediately  before  each  shift,  by  a  competent  person,  or  persons, 
appointed  by  the  superintendent  or  mine  foreman  for  that  pur¬ 
pose.  The  person  or  persons  making  such  examination  shall 
have  received  a  foreboss  certificate  of  competency,  required  by 
this  Act,  anc!  shall  use  no  light  other  than  that  enclosed  in  a  safety 
lamp  while  making  the  said  examination.  In  all  cases  said  ex¬ 
amination  shall  be  begun  within  three  hours  prior  to  the  ap¬ 
pointed  time  of  each  shift  commencing  work,  and  it  shall  be  the 
duty  of  said  fire  boss,  at  each  examination,  to  leave  at  the  face 
and  side  of  every  place  so  examined  some  evidence  of  his  pres¬ 
ence.  And  he  shall,  also,  at  each  examination,  inspect  the  en¬ 
trance  or  entrances  to  the  worked-out  or  abandoned  parts,  which 
are  adjacent  to  the  roadways  and  working  places  to  the  mine, 
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where  fire-damp  is  likely  to  accumulate  and  where  danger  is 
found  to  exist,  he  shall  place  a  danger  signal  at  the  entrance  or 
entrances  to  such  places,  which  shall  be  sufficient  warning  to  per¬ 
sons  not  to  enter  said  places.” 

As  the  law  now  stands,  it  is  possible  to  so  interpret  it,  that 
the  actual  working  places  may  receive  no  other  visit  than  this  one 
preceding  each  shift.  If  open  lights  are  used,  it  is,  of  course,  a 
necessity  that  each  working  place  should  be  examined  before  it 
is  entered  by  workmen,  but  if  no  other  lights  except  safety  lamps 
were  present  in  the  mine,  this  visit  of  the  fire  boss  might  be  more 
profitably  made  at  another  time  than  just  before  the  men  begin 
work.  So  far  as  gas  is  concerned  the  working  type  of  safety 
lamp,  by  going  out,  would  immediately  notify  the  miner  of  its 
presence.  So  far  as  the  other  dangers  are  concerned,  they  might 
with  safety  be  left  temporarily  to  the  judgment  of  the  miner  him¬ 
self.  *  ' 

The  critical  period  of  the  working  shift  is  just  before  the 
firing  of  the  shot,  and  this  is  the  time  at  which  the  fire  boss 
should  make  his  inspection  and  leave  the  record  of  his  visit.  His 
morning  inspection,  then,  instead  of.  being  a  hurried  chase  from 
one  room  to  another,  should  be  a  leisurely  inspection  of  the  venti¬ 
lation,  beginning  with  the  fan  and  ending  with  the  return  airway, 
and  should  include  a  daily  measurement  and  record  of  the  quan¬ 
tity  of  air  traversing  the  mine,  instead  of  the  weekly  one  now  re¬ 
quired  by  law.  This  examination,  too,  should  cover  the  entrances 
to  worked-out  and  abandoned  portions  of  the  mine,  the  same  as 
is  included  in  his  present  duties. 

The  provisions  of  the  Act  of  1893  of  Pennsylvania  with  ref¬ 
erence  to  the  employment  of  State  mine  inspectors  are  admira¬ 
ble,  and  their  employment  has  been  of  great  and  lasting  benefit 
to  the  mining  industry  of  this  State.  The  weakness  of ( the  law. 
however,  is  the  extreme  difficulty  of  performing  all  the  duties  it 
requires,  and  at  the  same  time  give  each  individual  mine  the  at¬ 
tention  necessary  to  carry  out  the  letter  and  spirit  of  the  law. 
The  inspection  districts  are  required  to  have  not  less  than  60,  nor 
more  than  80  mines  in  charge  of  each  inspector,  and  each  mine 
is  to  be  visited -not  less  than  once  in  every  three  months.  In  addi¬ 
tion  to  these  periodic  visits,  the  mine  inspector  is  required  to 
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make  additional  visits  in  the  case  of  fatal  accidents.  He  is,  also, 
required  to  make  a  yearly  report,  which  is  of  necessity  volumin¬ 
ous  in  character  and  whose  preparation  requires  a  considerable 
expenditure  of  time.  It  is  difficult  to  fulfill  the  spirit  of  the  law 
without  making-  the  set  visits  to  the  mines  at  such  times  as  thev 
are  engaged  in  actual  operation.  Assuming  that  an  inspector  has 
under  his  charge  70  mines,  four  visits  a  year  to  each  of  these 
mines  require  280  days,  as  it  is  rarely  possible  to  visit  more  than 
one  mine  in  a  day.  Thus  the  entire  working  year  is  accounted 
for  with  no  provision  for  the  irregular  visits  which  are  emergency 
ones,  and  must  be  made  regardless  of  the  regular  visits ;  besides 
very  few  mines  are  running  280  days  in  one  year — 200  days  per 
year  would  be  more  nearly  the  average.  The  impracticability  of 
making  these  visits  at  the  time  when  they  should  be  made,  i.  e., 
when  the  mine  is  in  operation,  is  readily  apparent. 

There  are  at  the  mines,  two  officials  other  than  the  mine  in¬ 
spector,  who  requires  a  States  license,  but  receive  their  compensa¬ 
tion  from  the  owners  of  the  mine.  While  their  duties  are  strictly 
defined  by  law  as  those  of  the  mine  inspector,  it  is  only  natural 
that  they  should  depend  largely  on  the  mine  inspector,  who  re¬ 
ceives  his  compensation  from  the  State.  The  existing  condition 
of  affairs  would  be  improved  if  the  mine  inspector  received  re¬ 
ports  at  stated  intervals — say  weekly — giving  in  detail  the  con¬ 
dition  of  the  mine  with  reference  to  the  carrying  out  of  the  pro¬ 
visions  of  the  mine  law.  These  could  properly  be  signed  by  the 
mine  foreman  and  the  superintendent,  thereby  throwing  the  whole 
of  the  responsibility  on  the  resident  officials.  At  the  same  time 
the  mine  inspector  would  have  a  far  more  intelligent  grasp  of  the 
situation  as  it  existed  in  his  district,  and  could  select  the  mines 
to  which  he  should  devote  his  attention.  Even  this  suggestion 
is  predicated  on  a  very  material  reduction  in  the  number  of  mines 
under  each  inspector’s  charge,  as  there  is  no  scheme  of  procedure 
that  would  make  it  possible  to  adequately  inspect  as  many  as  sixty 
mines  over  districts  of  such  wide  extent  as  exist  in  this  country. 

A  feature  of  this  law  which  caused  heated  discussion  at  the 
time  it  was  formulated,  was  the  discretionary  power  granted  to 
the  mine  inspector.  It  would  seem  possible  at  the  present  time, 
with  the  additional  experience  of  the  last  ten  years,  to  make  a 
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new  law  comprehensive  enough  that  but  little  would  need  to  be 
left  to  the  discretion  of  the  mine  inspector.  At  the  present  time 
the  only  redress  that  exists  in  the  case  of  an  objectionable  decision 
on  the  part  of  the  mine  inspector  is  an  appeal  to  the  county  courts 
in  the  county  in  which  the  mine  is  located.  The  court  is  empow¬ 
ered  to  appoint  three  competent  and  disinterested  persons  to  make 
aji  examination  of  the  facts  in  question  and  the  findings  of  this 
board  are  final,  unless  exceptions  are  taken,  in  which  case  the 
whole  matter  is  passed  upon  by  the  court.  If  the  decision  of  the 
mine  inspector  is  finally  sustained,  the  costs  of  the  proceedings 
fall  upon  the  people  who  object  to  this  decision;  if  it  is  not  sus¬ 
tained,  the  costs  are  paid  by  the  county.  This  could  be  much 
simplified  by  making  the  first  step  in  cases  of  this  kind  an  appeal 
to  the  Chief  of  the  Board  of  Mine  Inspectors,  whose  decisions 
would  be  recorded  and  eventually  become  an  interpretation  of  the 
law.  In  case  of  objections  to  his  decisions,  they  could  be  tested 
before  the  proper  courts.  The  effect  of  this  would  be  that  the 
district  inspector  would  be  more  ready  to  make  decisions,  and  the 
operators  more  ready  to  object  to  them,  and  the  interpretation  of 
the  mine  law  thus  be  made  more  nearly  uinform.  A  precedent 
for  this  exists  in  connection  with  the  school  law  of  Pennsylvania, 
which  is  amplified  and  made  clearer  by  the  recorded  decisions  of 
the  various  superintendents  of  public  instruction. 

One  of  the  accompaniments  of  our  present  industrial  system 
is  the  necessity  for  employing  large  numbers  of  foreign  laborers. 
This  carries  with  it  great  inconvenience  on  account  of  the  differ¬ 
ence  in  language,  and  is  fraught  with  danger  in  many  industries, 
and  especially  so  in  the  mining  industry.  Whatever  may  be  the  ob¬ 
jections,  it  is  an  undoubted  fact  that  it  would  be  useless  to  attempt 
to  carry  on  mining  without  the  help  of  this  much  condemned  body 
of  laborers.  The  difficulties  in  the  way  of  properly  instructing 
this  body  of  men  are  many.  The  Act  of  1893  of  Pennsylvania 
provides  that  the  general  rules  of  the  mine  law  shall  be  posted  in 
a  conspicuous  place,  and  shall  be  printed  in  every  language  which 
is  used  by  any  ten  persons  working  in  the  mine.  This  is  a  recog¬ 
nition  of  the  difficulty,  but  is  not  an  adequate  solution  of  it.  In 
the  first  place,  many  of  these  people  are  unable  to  read  the  rules 
even  in  their  own  language.  The  fact  that  they  are  posted  up 
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conspicuously  is,  also,  no  guarantee  that  they  are  being  read  and 
understood.  I  am  at  a  loss  to  say  exactly  what  should  be  done  in 
this  connection,  and  am  not  certain  that  it  would  be  feasible  to 
require  them  to  pass  an  examination  on  the  principal  provisions  of 
the  mine  law.  At  the  same  time  I  am  convinced  that  the  employ¬ 
ment  of  these  ignorant  people  without  any  further  provisions  than 
•those  which  exist  at  the  present  time,  carries  with  it  so  much  dan¬ 
ger  that  something  should  be  done,  even  to  the  extent  of  employ¬ 
ing  interpreters  at  each  mine  for  the  purpose  of  giving  necessary 
instructions.  It  is  entirely  possible,  however,  that  a  trial  of  this 
might  show  that  an  interpreter  could  be  stationed  at  some  central 
point  and  give  class  instructions  which  would  make  it  possible  for 
these  men  to  be  employed  with  safety  to  themselves  and  the  other 
employes  of  the  mine. 

Xo  matter  how  strong  the  sentiment  may  be  in  favor  of  the 
obedience  of  law,  there  will  always  be  some  violations.  These 
violations  should  be  more  easily  punishable  than  is  now  the  case 
in  Pennsylvania.  This  State  requires  a  conviction  before  the 
Court  of  Quarter  Sessions,  and  provides  a  penalty  of  a  fine  not  ex¬ 
ceeding  $500  or  imprisonment  in  jail  for  a  period  not  ex¬ 
ceeding  six  months,  or  both,  at  the  discretion  of  the  court.  Many 
of  a  county  court.  To  bring  such  matters  before  the  court,  too, 
of  the  violations  of  the  law  seem  too  trifling  to  have  the  attenion 
of  a  couny  court.  To  bring  such  matters  before  the  court,  too, 
is  a  matter  of  considerable  trouble,  and  the  effect  has  been  that  it 
has  been  left  to  the  mine  inspector  to  bring  the  offenders  to  book. 
His  personal  observation  is  of  necessity  much  limited,  and  the 
proper  person  to  do  this  is  the  mine  foreman  in  charge  of  the  mine. 
If  it  were  possible  to  have  such  offenders  brought  before  a  justice 
of  the  peace,  the  matter  would  be  much  simplified.  The  compara¬ 
tively  insignificant  violations  of  the  law  would  then  receive  the 
proper  attention,  and  the  discipline  of  the  mines  would  be  very 
largely  improved ;  in  many  cases  the  mere  payment  of  the  costs 
of  the  trial  before  a  justice  would  be  a  sufficient  bar  to  any  fur¬ 
ther  violations’  and  there  is  no  doubt  that  if  the  smaller  matters 
were  carefully  followed  up,  far  less  trouble  would  be  experienced 
with  the  greater  and  more  serious  violation  of  the  law. 

It  was  originally  intended  that  this  paper  should  cover  some 
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important  points  cf  practice  in  mining  that  were  either  being  neg¬ 
lected  or  glossed  over.  A  great  many  of  these,  however,  had 
been  anticipated  by  the  Act  of  1893  of  Pennsylvania,  and  it  seemed 
wise  to  take  this  Act  for  a  text.  The  difficulty  of  this  Act  is,  that 
many  of  its  provisions  are  merely  suggestive,  when  they  should 
be  comprehensive  and  explicit.  This  is  notably  the  case  with  ref¬ 
erence  to  its  provisions  concerning  dust,  the  only  allusion  to  which 
is  found  in  rule  60,  which  states  that,  “In  mines  where  coal  dust 
has  accumulated  to  a  dangerous  extent  care  should  be  exercised 
to  prevent  said  dust  from  floating  in  the  atmosphere  by  sprinkling 
it  with  water,  or  otherwise,  as  far  as  practicable.”  This  leaves 
one  of  the  most  dangerous  features  attendant  upon  mining  with 
practically  no  provisions  for  its  care. 

The  good  that  the  law  has  accomplished,  even  in  its  present 
form,  has  been  so  marked  that  it  would  seem  reasonable  that  its 
usefulness  could  be  very  much  broadened  by  making  it  the  expo¬ 
nent  of  all  the  knowledge  now  available  with  reference  to  the  safe 
and  successful  operation  of  mines.  It  has  been  the  writer’s  ex¬ 
perience,  too,  that  there  is  a  widespread  sentiment  in  favor  of  the 
observance  of  the  law,  but  numerous  interpretations  of  the  same 
thing  exist,  and  stress  is  laid  on  particular  points  by  some  and  on 
different  points  by  others.  The  law  should  in  itself  be  a  com¬ 
plete  manual  of  instruction  on  the  art  of  mining.  Its  provisions 
should  be  clearly  and  accurately  defined  and  its  penalties  easily 
imposed.  Careful  consideration  shows  a  striking  similarity  of 
conditions  in  all  bituminous  mines  and  calls  for  a  uniformity  in 
the  laws  which  are  framed  to  govern  these  conditions,  and  it  is 
with  the  desire  to  give  an  impulse  to  some  such  movement  that 
this  paper  has  been  prepared. 

DISCUSSION. 

.  •  \ 

Mr.  Flanagan — Gentlemen,  we  have  listened  to  a  paper 
that  is  not  only  interesting,  but  it  goes  back  to  the  beginning,  at 
least  the  subject  of  coal  mining  does.  We  all  realize  how  much 
the  engineering  profession  and  all  the  mechanical  work  of  the 
world  is  dependent  on  the  coal  supply,  and  naturally  anything 
that  relates  to  the  production  of  coal  is  interesting  to  a  body  of 
engineers,  whether  they  are  mining  engineers,  or  mechanical,  or 
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electrical,  or  any  one  of  the  three  hundred  and  odd  classes  of  en¬ 
gineers  that  one  of  our  members  discovered  at  the  banquet  one 
evening.  This  paper  you  will  notice  deals  very  largely  with  the 
necessity  for  legislative  enactments  regarding  the  safety  of  mining 
operations.  It  is  not  necessary  to  say  that  without  the  assist¬ 
ance  of  the  engineers  the  legislators  would  be  very  helpless.  The 
legislator  can  only  embody,  in  the  form  of  law,  safeguards  which 
the  engineers  have  devised  and  found  to  be  available  for  the 
purpose.  I  don’t  know  how  many  of  the  members  are  as  igno¬ 
rant  of  the  whole  subject  of  coal  mining  as  myself,  but  I  think 
a  great  many  of  ns  will  be  surprised  to  learn  that  there  is  any¬ 
thing  more  dangerous  than  fire-damp.  The  author  of  the  paper 
of  the  evening  points  out  a  still  more  dangerous  substance  than 
the  much-dreaded  fire-damp.  I  have  no  doubt  there  are  mem¬ 
bers  in  the  audience  to-night  who  can  throw  still  further  light 
on  the  subject,  and  as  I  am  outside  of  the  mining  industry  en¬ 
tirely,  I  will  make  room  for  those  who  know  more  about  it,  and 
I  hope  the  discussion  will  be  lively  and  extensive.  I  think  Mr. 
Schluederberg  could  give  an  interesting  talk  on  the  subject  be¬ 
fore  us. 

Mr.  Schluederberg — I  think,  Mr.  Chairman,  that  the  paper 
just  read  was  carefully  prepared.  It  is  on  a  subject  that  will  be 
taken  up  by  our  law-makers  in  the  near  future,  and  when  taken 
up,  I  trust  will  be  handled  in  a  fair  and  intelligent  manner. 
Our  law-makers,  in  treating  this  question,  will  certainly  need  the 
assistance  of  the  engineers  and  others  who  are  familiar  with  min¬ 
ing,  so  that  the  very  best  results  may  be  obtained. 

This  is  a  large,  broad  question,  on  which  there  are  many 
different  opinions  that  will  have  to  be  harmonized.  We  can  pass 
laws,  but  we  cannot  pass  the  laws  that  will  make  people  perfect, 
and,  as  the  writer  of  the.  paper  well  says,  we  have  an  excellent 
mining  law,  but  with  the  people  we  have  had  to  deal  with  in  the 
business,  it  has  been  a  difficult  and  almost  impossible  task  to 
carry  out  fully  the  provisions  of  the  law  as  they  should  have 
been  carried  out,  and  the  result  has  been  more  or  less  trouble, 
accidents  and  loss  of  life. 

I  do  not  think,  however,  that  the  coal  business,  with  its 
present  magnitude  and  conditions  has  been  more  dangerous  or 
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destructive  of  life  and  property  than  has  been  the  case  in  other 
lines  of  industry.  We  seem  to  hear  more  of  troubles  and  acci¬ 
dents  in  and  about  coal  mines  than  we  do  of  the  troubles  and  ac¬ 
cidents  in  shops  and  mills.  There  is,  however,  always  room 
for  improvement,  and  anything  that  can  be  done  to  improve  con¬ 
ditions  and  lessen  danger  in  mining  should  be  done. 

Mr.  Schelleneerg — By  courtesy  of  Mr.  Fohl  I  read  his 
paper  yesterday  and  have  put  down  something.  I  am  more  in¬ 
debted  to  him  because  I  disagree  with  him.  I  agree  that  there 
are  other  causes  greater  than  the  fire-damp  for  deaths  in  the 
mine;  there  has  been  an  increase  of  deaths  from  falls.  There 
used  to  be  about  40  per  cent,  deaths  from  falls,  or  perhaps  it  was 
accidents  and  deaths.  The  increase  brings  the  percentage  above 
50.  And  it  is  the  methods  of  mining  that  are  at  fault.  I  think. 
People  are  greedy  to  mine  the  coal  by  machinery  and  let  the 
rest  go.  This  is  what  I  have  written : 

I  may  claim  a  lively  interest  in  this  subject  from 
many  years  of  experience.  From  earlier  residence  in 
the  anthracite  regions.  I  was  prepared  to  side  with  the  miners’ 
demand  for  State  inspection  in  the  bituminous  regions  also,  and 
I  had  the  peculiar  experience  then — thirty  years  ago — of  being 
alone  among  officers  and  operators  here :  they  were  all  in  opposi¬ 
tion  to  what  appeared  to  them  an  uncalled  for  interference  with 
private  business.  Twelve  years  later  I  was  a  member  of  the 
commission  that  revised  the  law  and  changed  its  title  to  provide 
for  the  lives,  health,  safety,  and  welfare  of  the  persons  employed. 
And  I  helped  to  make  the  draft  of  the  present  law  of  1893. 

I  am  never  astonished  any  more  to  see  the  pendulum  swing 
to  opposite  extremes  and  therefore  am  not  surprised  in  this  case 
to  hear  the  call  for  too  much  law. 

I  do  not  consider  uniformity  over  the  State  lines  practicable 
as  legislation  even  if  advisable  in  some  respects  for  the  contigu¬ 
ous  territory :  we  have  two  laws  in  Pennsylvania  and  their  re¬ 
visions  are  independent  of  each  other ;  only  in  having  one  Chief 
Inspector  for  the  State  are  the  bituminous  regions  common  with 
the  anthracite. 

I  like  to  argue  that  the  provisions  for  the  gaseous  mines, 
so-called,  make  for  the  health  and  welfare  of  the  men  that  have 
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to  be  in  them,  to  a  degree  in  advance  of  conditions  allowed  where 
black-damp  generates  in  excess. 

Fire-damp  in  mines  is  a  blessing  in  disguise ;  for  there  then 
ventilation  has  to  be  good ;  better  than  in  assembly  rooms  gen¬ 
erally — than  in  crowded  churches  or  court  rooms,  for  instance. 
We  here'  regard  fire-damp,  as  natural  gas,  under  control  piped 
into  our  houses  for  fuel,  as  a  blessing,  and  our  only  fear  about 
it  is  that  the  supply  may  fail.  We  have  learned  that  it  requires 
ten  volumes  of  air  mixed  with  one  of  gas  for  perfect  combustion 
and  may  know  that  this  is  in  a  mine  the  diffusion  for  greatest 
explosive  force ;  fifteen  volumes  of  air  and  five  volumes  of  air 
are  the  extremes  of  combustibility  for  one  volume  of  gas.  All  our 
progress  is  predicated  on  the  control  of  violent  deadly  agents. 
We  deal  with  fire  at  forced  intensity  in  smelting,  and  in  generating 
power  we  get  motor  fluids  that  are  hellish  if  they  break  away. 
Even  our  travel  must  be  at  a  forced  pace  to  give  pleasure.  We 
analyze  that  we  are  refined  as  we  feel  able  lightly  to  guide  dan¬ 
gerous  elements. 

I  continue  to  favor  the  rule  in  the  mining  law  that  reads : 
v‘No  safety  lamps  shall  be  intrusted  to  any  person  for  use  in 
mines  until  he  has  given  satisfactory  evidence  to  the  mine  fore¬ 
man  that  he  understands  the  proper  use  thereof  and  the  danger 
of  tampering  with  the  same."  I  think  it  intolerable  to  have  a 
producing  coal  mine  here  under  conditions  forbidding  the  use 
of  open  lights  in  the  hands  of  the  ordinary  workmen ;  for  these 
the  atmosphere  must  be  measurably  free  of  noxious  admixture 
that  they  may  labor  in  wholesome  air  and  light.  And  we  should 
all  know  the  required  use  of  the  safety  lamp  in  miners’  hands  to 
be  in  the  lead  of  the  air  current,  in  cutting  narrow  entries  for  all 
uses  next  the  solid  around  the  working  places  proper,  or  in  the 
initial  breaking  of  the  roof  for  retreating  work.  We  should 
choose  to  exhaust  all  the  coal,  closing  up  what  otherwise  would 
be  open  space  for  magazines  of  lurking  gas,  and  presently  uncon¬ 
trollable  settlement  over  the  wasting  ribs  of  coal  and  expanding, 
endanger  by  squeeze  the  adjacent  working  places  and  passage 
ways.  We  have  no  mining  yet  where  the  coal  cannot  syste¬ 
matically  be  early  exhausted  in  detail,  to  have  controlled  breaks 
to  the  surface  in  quiet  settlement  of  the  overburden  and  upward 
escape  of  its  gases. 
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I  would  say  haul  out  the  extra  dust — it  is  fuel  of  some  use. 
A  mine  inspector  does  not  want  to  be  merely  perfunctory,  neither 
does  he  want  too  much  discretionary  power,  naturally  he  does 
not  crave  extra  responsibility. 

I  do  not  think  he  wants  to  direct  methods  of  mining,  al¬ 
though  we  would  like  him  to  write  on  the  subject,  in  the  fullness 
of  his  time.  As  for  his  hauling  small  offenders  at  the  mines  be¬ 
fore  justices  of  the  peace,  I  believe  his  supervision  not  close 
enough  for  that ;  he  is  to  see  that  the  law  is  obeyed  and  his  instruc¬ 
tions  and  attention  to  the  acts  of  the  officers  at  the  works,  shown 
him  by  results.  He  should  keep  close  enough  account  of  all  ways 
in  the  proportion  of  their  importance,  so  that  justice  may  extend 
from  the  heads  to  the  hands  at  a  colliery. 

Mr.  Schi.uederberg — Mr.  Chairman,  I  did  not  have  the 
advantage  of  our  friend,  Mr.  Schellenberg.  of  seeing  the  paper 
beforehand,  and  am.  therefore,  not  so  well  prepared  to  discuss  it. 

Whilst  I  believe  that  people  cannot  always  be  made  to  do 
right  by  the  passing  of  laws,  yet.  there  should  be  a  way  of 
reaching  them  in  this  case.  There  is  no  question  that  there  has 
been  a  great  deal  of  uncalled-for  waste  in  one  of  the  greatest  of 
Pittsburg’s  products.  There  is  nowhere  to  be  found  any  finer 
coal  than  in  the  Pittsburg  vein,  but,  for  various  reasons,  the  coal 
has  been  mined  in  a  wasteful  manner  in  the  past;  people  wanted 
a  cheap  coal  and  mined  only  what  was  removable  by  machines 
and  did  not  go  to  the  cost  and  expense  of  mining  the  remainder 
bv  hand,  cleaning  up  and  taking  down  the  roof  ~>r  surface,  as 
should  have  been  done  in  any  well-regulated  mine.  It  is  a 
criminal  waste  to  leave  coal  in  this  way,  because  it  is  a  loss  that 
cannot  be  replaced. 

There  should,  therefore,  be  some  means,  laws  or  otherwise, 
by  which  coal  mining  could  be  done  in  a  proper,  safe  and  syste¬ 
matic  manner.  How  this  is  to  be  done  remains  for  future  con¬ 
sideration.  I  am  not  quite  clear  or  decided  in  my  own  mind  at 
present. 

Mr.  Flanagan — I  don’t  think  I  could  make  it  clear,  either. 
But  I  would  like  to  ask  Mr.  Schluederberg  if  he  thinks  that  the 
price  of  coal  has  much  effect  on  the  question  of  whether  the 
mine  owners  would  clean  it  out  or  not.  Even  if  the  people  are 
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willing  to  pay  higher  prices  for  coal,  while  the  mine  owners  find 
it  cheaper  to  mine  with  machines,  and  leave  part  of  the  coal  in 
the  earth,  they  will  not  cease  to  do  that,  unless  the  provision  in 
the  last  part  of  his  remarks  are  put  in  force  and  there  is  some 
measure  of  weight  brought  to  bear  on  them.  Will  they  mine 
their  coal  out  in  detail  even  if  the  price  of  coal  is  higher? 

Mr.  Sciiluederberg — I  am  not  much  of  believer  in  too 
much  supervision,  but  there  will  have  to  be  something  done  to 
make  these  people  do  this.  The  selling  price  has  had  much  to 
do  with  it,  but  it  is  all  wrong.  This  thing  of  selling  an  article 
at  a  price  and  then  expecting  the  producer  to  produce  it  low 
enough  to  make  a  profit  at  that  price  is  treating  it  from  the 
wrong  end.  The  coal  should  be  produced  just  as  economically 
and  cheaply  as  possible  and  then  sold  at  a  profit  and  the  selling 
price  should  have  nothing  to  do  with  the  manner  of  producing. 
Because  it  is  cheap,  that  is  no  reason  why  the  mine  should  be  left 
in  bad  condition.  It  does  not  pay  in  the  end.  The  man  that 
does  that  sort  of  producing  coal  cheap,  is  simply  breeding  trouble 
for  those  that  come  after  him.  If  it  is  necessary  for  the  State  to 
step  in  and  supervise  this,  let  the  State  do  so.  Here  should  not  be 
any  waste. 

Mr.  Flanagan — I  would  like  to  ask  a  question  in  this  re¬ 
gard.  When  the  coal  is  taken  out,  what  becomes  of  the  space 
that  it  is  taken  from?  That  is  when  you  mine  all  the  coal  out. 

Mr.  Sciiluederberg — Well,  if  it  is  properly  mined,  syste¬ 
matically,  the  overlying  strata,  the  roof,  is  supposed  to  break  and 
sink.  It  does  not  always  do  that,  but  it  can  be  brought  down  in 
such  a  way  that  the  spaces  will  be  fairly  well  closed  and  not 
stand  as  reservoirs  of  bad  air  and  gases. 

Mr.  Flanagan — Does  that  usually  break  down  without  af¬ 
fecting  the  surface  of  the  ground? 

Mr.  Sciiluederberg — Depending  largely  on  the  depth.  It 
may  come  to  the  surface  or  it  may  not. 

Mr.  Flanagan — Mr.  Fohl,  has  the  discussion  brought  out 
any  points  that  you  could  throw  further  light  on? 

Mr.  FoHLh— ' The  suggestion  regarding  the  exhaustion  of 
coal.  Of  course,  I  had  not  touched  on  that  at  all.  I  am  glad  to 
see  that  brought  out  and  I  agree  with  Mr.  Sciiluederberg  that 
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it  is  a  very  important  part  of  the  mining  methods  and  deserves 
equal  attention  with  anything  1  have  spoken  of  in  the  paper. 
Whether  the  law  should  regulate  that  I  am  not  prepared  to  say, 
but  there  ought  to  be  some  compulsion  in  the  matter  so  that 
everybody  would  mine  the  coal  properly.  I  think  that  would 
be  perfectly  in  line  with  the  other  suggestions  that  have  been 
made. 

Mr.  Flanagan — Are  there  any  other  gentlemen  that  have 
something  of  interest  to  tell  us?  I  had  no  notion  that  I  would 
be  called  on  to  preside  at  the  meeting  to-night,  and  it  may  be 
there  is  someone  else  here  as  well  prepared  as  Air.  Schellenberg 
was.  Until  he  arose  to  his  feet,  I  did  not  know  that  he  would 
have  anything  other  than  the  usual  discussion  to  offer.  If  there 
is  anyone  else  that  can  throw  any  light  on  the  subject,  we  would 
be  glad  to  hear  from  them.  Air.  Diescher  is  interested  in  mining 
properties,  not  in  coal,  but  he  can  speak  a  word  perhaps. 

Mr.  Diescher — Xot  in  coal  mining.  I  would  like  to  ask 
Air.  Fohl  how  it  is  that  the  mines  are  only  operated  200  days  a 
year,  or  about  200? 

Mr.  Fohl — I  think  possibly  Mr.  Schluederberg  could  an¬ 
swer  that  better  than  I  can ;  but  I  will  hazard  an  answer  and  say  it 
is  because  there  is  no  demand  for  the  coal  during  portions  of  the 
year  and  because  of  the  scarcity  of  cars.  There  are  half  ana 
quarter  days  that  you  cannot  run.  Taking  it  altogether,  I  think 
in  this  district  it  will  amount  to  about  what  I  said,  200  days  per 
year. 

Mr  Cron em  eyer — Mr.  Chairman,  I  would  like  to  ask  a 
question  which  perhaps  has  no  direct  bearing  on  the  subject  but 
may  be  of  interest.  What  is  the  nature  of  this  dust?  Is  it  a 
very  fine  dust  or  a  coarse  dust?  If  the  dust  explodes  so  rapidly 
under  conditions  where  it  is  not  wanted  it  might  be  of  interest 
to  know'  just  under  what  conditions  it  does  produce  these  ex¬ 
plosions  so  we  might  put  these  explosions  to  some  practical  pur¬ 
pose.  We  take  a  whole  lot  of  trouble  in  taking  gas  from  the 
coal  to  produce  explosions  to  serve  in  gas  furnaces,  and  I  under¬ 
stand  a  good  many  experiments  have  already  been  made  by 
crushing  coal  and  burning  it  in  furnaces  under  boilers  and  other 
appliances.  Now’  if  we  knew  something  about  the  condition  of 
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coal  in  the  mines  it  might  give  ns  a  clue  as  to  how  we  are  to  pre¬ 
pare  our  coal  when  we  want  the  explosions. 

Mr.  Fohl — I  touched  lightly  on  that  in  the  paper.  The  Ger¬ 
mans  say  that  the  dust  which  remains  unmoved  by  a  40-mile 
gale  is  not  explosive.  If  carried  further,  that  would  go  to  show 
that  the  coarse  dust  is  not  the  explosive  dust.  It  is  the  minute 
particles  of  the  coal  that  make  the  danger  and  those  of  course 
are  very  light  and  if  they  can  be  driven  out  the  heavier  particles 
have  no  explosive  qualities.  It  is  the  very  finest  particles  of  the 
coal  that  give  the  danger.  In  many  cases  I  believe  that  it  is  the 
minute  spores  of  the  plants  from  which  the  coal  was  formed 
originally  that  cause  the  most  danger.  It  is  apparently  the  vege¬ 
table  remains  that  give  the  trouble. 

Mr.  Stupakoff — I  would  like  to  ask  if  most  of  the  combus¬ 
tible  materials  that  can  be  deposited  in  dust  are  not  explosive? 
He  has  come  down  to  a  question  of  vegetable  organism  from 
what  he  supposes  are  the  explosive  elements  of  coal  dust.  Won’t 
you  find  the  same  elements  in  flour  mills  ?  Isn't  the  same  element 
there,  not  necessarily  coal  dust,  but  most  any  kind  of  dust  that  is 
formed  ? 

Mr.  Fohl — That  is  notably  the  case.  There  have  been  ex¬ 
plosions  of  the  same  character  in  flour  mills  as  we  have  in  coal 
mines.  And  I  believe  mineral  dust  will  also  at  least  propagate  an 
explosion.  Any  kind  of  dust  will  assist  an  explosion  and  coal 
dust  will  in  many  cases  originate  it. 

Mr.  Alp.ree — I  would  like  to  ask  a  question  about  that  dust. 
I  had  always  understood  that  the  dust  causing  explosions,  either 
in  a  flour  mill,  coal  mine,  or  anywhere,  was  due  to  the  dust  sus¬ 
pended  in  the  air.  That  it  made  the  action  of  the  explosive  mix¬ 
ture.  From  what  you  say  I  judge  the  dust  is  on  the  floor  and  it 
is  only  in  the  case  of  an  explosion  of  some  other  sort,  starting  a 
current  of  air  rushing  through  the  mine,  causing  this  dust  on  the 
floor  to  get  into  the  air,  that  carries  the  explosion  through  the 
various  entries  of  the  mine.  That  is,  it  is  not  the  dust  in  the 
air,  but  the  dust  in  the  ground,  that  is  suddenly  started  up.  Now, 
what  is  the  original  explosion,  a  fire-damp  explosion,  or  a  dust 
explosion,  or  what? 

Mr.  Fohl — It  is  the  dust  that  is  in  suspension  in  the  air  that 
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is  explosive.  And  the  dust  from  the  sides  and  the  door  of  the 
mine  is  usually  started  up  by  some  other  agency,  usually  a  blown 
out  shot  which  creates  a  disturbance  and  starts  up  clouds  of  dust 
and  the  dust  suspended  in  the  air  propagates  the  explosion. 

Mr.  Diescher — Isn’t  it  as  a  rule,  in  the  case  of  an  explosion 
of  that  kind  that  there  is  heat,  that  it  is  necessary  to  have  some 
heat  produced  to  start  an  explosion?  Would  the  coal,  even  if  it 
is  over  a  much  larger  area  and  the  air  in  greater  contact  to  the 
carbon,  could  it  explode  unless  you  would  add  heat  to  it? 

Mr.  Fohl — That  is  true. 

Mr.  Schellenberg — That  is  only  a  propagation  of  what 
is  initiated  by  the  explosion  of  the  gas.  Those  views  I  think 
are  established,  and  the  figures  Air.  Fohl  gives  there  of  a  pound 
of  dust  to  160  feet  air,  you  will  recognize  as  that  13  to  1  bv  weight 
which  carbon  requires  for  combustion.  You  know  we  say  rough¬ 
ly,  it  takes  twelve  tons  of  wind  to  make  one  ton  of  iron. 

Mr.  Flanagan — Any  further  remarks  pertaining  to  the  sub¬ 
ject?  I  would  like  to  ask  a  question  of  what  percentage  of  coal 
is  left  in  the  mines  by  the  machine-mining  methods  which  have 
been  condemned  to-night.  I  might  ask  Mr.  Schluederberg  that 
question  directly. 

Mr.  Schluederberg — In  a  well  regulated  mine  thev  take  out 
80  per  cent,  of  the  coal,  about  80  per  cent.,  with  the  machine. 

President — It  seems  like  leaving  a  large  percentage  of  a 
valuable  commodity  there. 

Mr.  Fohl — In  many  of  the  older  mines  that  Mr.  Schlueder¬ 
berg  touched  on  a  little  while  ago,  the  percentage  remaining  in 
the  ground  has  been  as  high  as  40  per  cent,  in  the  past. 

Mr.  Schluederberg — I  am  speaking  of  the  present. 

Mr.  Flanagan — Well  what  would  finally  become  of  that 
20  per  cent,  under  present  conditions? 

Mr.  Schluederberg — The  20  per  cent,  or  as  much  of  it 
as  can  be,  say  15  per  cent.,  should  be  taken  out  with  a  pick  at 
once. 

Mr.  Flanagan — They  do  finally  go  back  after  it  then? 

Mr.  Schluederberg — That  is  done  now  where  the  mining  is 
properly  done. 
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Mr.  Flanagan — And  where  it  is  not  done,  do  they  expect 
to  do  it  at  a  subsequent  date? 

Mr.  Scitluederberg — No,  I  think  not.  They  simply  drove 
up  rooms  with  machines,  leaving  the  ribs  all,  or  in  part,  standing 
and  the  result  was  an  opening  or  standing  reservoir  for  bad  air 
and  gas,  and  the  roof  left  hanging  in  a  dangerous  condition,  likely 
to  bring-  trouble  sooner  or  later  to  other  parts  of  the  mine. 

-  Mr.  Flanagan — Any  further  questions?  If  none  of  the 
members  will  ask  any  I  will  ask  another,  that  is,  what  is  the 
character  of  the  small  violations  of  the  mining  laws  which  have 
been  referred  to  in  the  paper  and  once  or  twice  in  the  discus¬ 
sion  ? 

Mr.  Fohl — I  might  state  that  one  of  those  would  be  the  sort 
of  oil  that  is  burned  in  the  lamps.  There  is  a  certain  quality  of 
oil  specified  by  the  law.  In  order  to  save  money  the  miners  are 
only  too  prone  to  buy  a  cheaper  quality  and  thus  vitiate  the  mine 
atmosphere.  That  seems  rather  trifling  in  itself  but  every  now 
and  then  it  is  necessary  to  “jack  up"  five  or  six  people  in  order  to 
get  that  stopped.  Were  it  possible  for  a  mine  foreman  to  take 
the  first  offender  out  before  a  justice  of  peace  and  have  a  fine 
imposed,  that  would  probably  stop  this  trouble  at  that  mine. 
There  are  numerous  others  of  the  same  character. 

Mr.  Klindworth — While  you  are  speaking  of  safety-lamps, 
I  would  like  to  ask  the  question  of  the  size  of  the  opening  in  the 
gauze  or  whatever  you  call  it? 

Mr.  Fohl — I  think  we  will  put  that  up  to  Mr.  Schellenberg. 

Mr.  Schellenberg — The  Davy  lamp  had  28  to  the  lineal 
inch.  That  makes  twenty-eight  square  (784)  for  the  number  of 
meshes  in  the  square  inch. 

Mr.  Flanagan — It  appears  that  our  safety  lamps  are  an 
open  line  also.  I  think  some  of  the  members  would  be  interested 
in  a  little  general  discussion  of  the  methods  of  mining.  What 
constitutes  the  call  in  one  case  for  a  safety  lamp  and  in  another 
case  for  an  open  lamp?  Air.  Schellenberg  referred  to  that  some¬ 
what  in  his  paper,  but  I,  for  one,  am  not  clear  upon  the  sub¬ 
ject  as  yet. 

Mr.  Schellenberg — I  might  make  a  diagram  of  it.  The 
going  ahead  into  the  solid  relieves  the  gas,  of  course,  that  is 
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stored,  especially  if  that  be  against  the  dip.  that  is,  if  the  coal 
falls  away  under  water.  It  is  from  that  source  the  gas  will 
exude.  Now  then,  the  driving  ahead  into  the  coal  seam  to  make 
advance  opening  requires  the  use  of  a  safety  lamp,  especially 
where  it  is  against  the  deep.  Were  the  work  laid  out  in  panels, 
in  which  the  rooms  are  sub-divisions,  there  would  be  given  a 
space  of  air  all  around.  Now,  I  submit  that  within  that  space 
the  mining  and  ordinary  laboring  work  is  simply  work  with  open 
lights,  until  it  comes  to  drawing  the  ribs.  The  starting  on  the  ribs 
to  make  the  first  break,  especially  in  the  eastern  part  of  the  re¬ 
gions,  brings  down  some  gas.  and  there  safety  lamps  may  be 
used  again.  After  an  air  current  is  established  anywhere  here, 
safety  lamps  are  a  nuisance.  They  don't  give  light  enough  for 
the  men  to  take  care  of  themselves  with  them  as  safely,  and  they 
ought  only  to  be  in  the  hands  of  real  miners  under  conditions 
where  they  are  required.  About  the  foreign  languages :  any  sort 
of  man  can  be  in  these  panels,  you  know,  after  these  are  ven¬ 
tilated.  There  they  can  be  left  simply  to  hew  away.  Up  in  the 
coke  region,  of  course,  it  is  only  digging  they  do,  they  don’t  even 
undermine  there,  and  there,  by  the  way,  they  get  their  gas  from 
the  roof  altogether  after  rock  is  made  to  break;  while  here  the 
gas  comes  out  of  the  face  of  the  seam  proper,  and  after  the  place 
is  cut  past  a  cleavage d  joint  it  ceases  to  come,  as  it  comes  only 
from  the  solid.  It  does  not  generate  in  the  open  work,  but  bv 
admixture  places  there  inflammable  air.  It  is  quite  the  reverse 
in  these  spaces,  where  the  generation  of  black  damp  (carl>onic 
acid)  slowly  proceeds  and  the  open  space  is  not  ventilated  for 
working  in.  Fire  cannot  burn  there.  The  mine  ought  to  be  closed 
up  just  as  before  it  was  opened  up.  There  ought  to  be  only  work¬ 
ing  space  to  ventilate.  The  ventilation  should  be  carried  around 
the  parts  that  are  alive,  that  are  moving.  The  rest  to  be  dead, 
laid  off,  and  not  wanted.  I  always  say  that  the  breaking  of  a 
roof  should  proceed  to  the  surface  of  the  ground,  and  there  is 
no  reason  why  that  can’t  be  done,  and  a  settlement  of  the  ground 
made  in  detail  under  control,  so  that  there  will  be  no  more  trou¬ 
ble  in  the  place.  That  is,  mine  out  the  coal,  take  away  all  of  it, 
as  Mr.  Schluederberg  says,  up  to  95  per  cent.  You  should  get 
the  coal  out,  but  you  can’t  get  all  of  it  out  with  machine,  a  part  of 
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it  has  to  be  taken  out  by  hand.  But  it  ought  to  all  go  out,  syste¬ 
matically  and  regularly,  because  that  part  that  is  standing  trans¬ 
fers  the  strains  on  it  from  the  overburden  to  the  open  part,  and 
such  movement  of  the  strata  brings  in  danger  of  letting  in  gas 
again,  besides  involving  the  loss  by  crush  of  the  broken  remnants 
of  coal  of  the  open  spaces.  The  controlled  settlement  of  roof 
alongside  of  workings  obviates  that  loss.  It  would  be  easier  to 
explain  if  you  were  all  at  a  coal  mine  to  see. 

Mr.  Fohl — I  would  like  to  submit  the  fact  that  with  refer¬ 
ence  to  the  closed  lights  it  is  claimed  that  the  experiments  made 
abroad  show  that  coal  dust  can  be  exploded  by  being  brought  in 
contact  with  the  open  flame,  and  that  is  part  of  the  reason 
for  the  idea  of  abolishing  the  open  light  altogether. 

Mr.  Schluederberg — Under  the  ideal  conditions  as  pre¬ 
sented  by  Mr.  Schellenberg,  conditions  as  they  ought  to  be,  the 
only  question  is  how  will  they  be  brought  about  ?  The  claim  that 
the  safety  lamp  is  unnecessary,  in  fact  a  hindrance,  I  would  like 
further  explained  by  Mr.  Schellenberg  and  to  have  him  explain 
how  the  people  can  be  made  to  do  right  as  far  as  mining  is  con¬ 
cerned.  Who  is  going  to  do  it,  the  State  ? 

Mr.  Schellenberg — The  things  that  you  are  not  doing 
among  you  as  citizens  will  bring  us  to  a  state  of  socialism.  That, 
it  seems,  is  coming  from  the  top,  while  we  have  feared  its  coming 
from  the  lower  strata.  We  are  going  into  the  state  of  socialism, 
the  state  to  do  everything  and  the  individual  to  gradually  lose  his 
liberties,  and  it  seems  he  don't  deserve  to  keep  them.  It  is  very 
plain  that  if  we  have  to  see  men  wasting  the  resources  right 
around  that  rightfully  belong  to  posterity  that  the  State  must 
interfere.  It  is  a  bad  business.  A  man  must  not  think  he  has 
a  right  to  do  what  he  pleases  with  what  he  calls  his  own. 

Mr.  Schluederberg — He  only  thinks  so,  however.  Would 
it  not  be  perfectly  right  to  have  the  State  step  in — in  a  case  such 
as  this?  I  don't  quite  agree  with  Mr.  Schellenberg.  1  think 
there  should  be  a  supervision,  and  have  the  mines  properly  laid 
out.  Many  of  them  are  not  laid  out  looking  to  the  safety  of 
the  lives  to  say  nothing  of  the  property.  They  should  be  prop¬ 
erly  laid  out,  and  the  coal  should  be  properly  mined.  That  I 
think  can  be  done  only  by  State  supervision. 
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Mr.  Scjiellenberg — Well,  Mr.  Fohl  there  is  a  Socialist, 
too,  you  see.  He  wants  the  mines  laid  out. 

Mr.  Fohl — I  firmly  believe  that  a  good  deal  Qf  the  trouble 
is  due  to  ignorance  on  the  part  of  the  people  who  are  in  the  busi¬ 
ness.  But  I  also  believe  there  is  a  strong  tendency  to  do  right. 
I  think  there  are  a  whole  lot  of  people  who  would  be  perfectly 
willing  to  do  what  they  should  if  they  were  told  what  to  do  and 
my  idea  of  the  law  is  that  it  should  be  an  instructive  instrument 
rather  than  a  compulsory  one.  And  I  don’t  see  any  way  to 
bring  the  necessary  information  before  the  mining  public  in  as 
good  shape  as  can  be  done  by  the  law,  and  I  think  further  that  the 
examination  of  the  mine  officials  should  be  based  on  the  law  it¬ 
self,  and  not  on  some  theoretical  knowledge  that  they  must  ac¬ 
quire  from  books. 

Mr.  Flanagan — I  think  that  it  is  well  said  that  what  we 
need  largely  is  more  knowledge,  and  that  is  the  reason  I  said  in 
the  beginning  that  this  is  a  subject  that  is  interesting  to  engi¬ 
neers  because  they  must  find  a  way  out  of  every  difficulty  as 
it  comes  up,  and  when  it  becomes  necessary  for  the  law  to  step 
in  and  see  that  that  way  is  traveled  and  made  use  of,  why  that 
is  neither  Socialism  nor  paternalism.  There  are  certain  things 
that  it  is  necessary  for  the  State  to  do  and  that  are  properly  State 
functions,  and  it  is  highly  desirable  that  the  State  exercise 
every  function  that  belongs  to  it.  And  everything  that 
does  not  belong  to  it.  We  need  to  develop  individuali¬ 
ty  among  the  people  and  idividual  rights  among  individ¬ 
ual  businesses,  but  there  are  some  things  that  are  not  in¬ 
dividual  business,  although  men  are  engaged  in  them  and  they 
call  the  property  theirs.  A  railroad  is  not  an  individual  busi¬ 
ness  and  the  State  has  a  right  to  regulate  it  in  many  ways.  If 
you  go  back  to  the  original  charters,  the  charters  are  not  granted 
to  the  railroad  companies  as  merely  giving  them  a  property  right 
in  that  stretch  of  ground  and  the  right  to  operate  trains  over  it ; 
the  charters  read  more  that  the  railroad  is  a  State  servant,  that 
for  the  time  being,  the  State  has  found  its  best  interest  in  dele¬ 
gating  the  necessary  authority  to  a  corporation  to  establish  rail¬ 
roads  and  manage  them;  to  go  back  to  the  first  principles,  when 
the  State  finds  it  advisable  to  take  charge  of  the  railroad  itself. 
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it  is  theoretically  in  a  position  to  do  so;  it  has  never  surrendered 
the  fee  simple  right  which  inheres  in  the  government.  The  ques¬ 
tion  of  mining  may  be  somewhat  related  to  that  of  railroading  in 
the  same  way,  in  the  fact  that  the  mines  and  miners  are  dealing 
with  one  of  the  natural  resources  of  the  country,  where  it  may 
be  necessary  for  the  State  to  step  in  and  conserve  those  resources 
if  they  are  being  very  seriously  sacrificed ;  and  we  have  none 
of  us  reached  the  point  at  which  we  consider  that  the  State  in 
taking  proper  steps  to  preserve  human  life  is  oversteping  its  own 
authority.  In  callings  that  are  managed  by  individuals  we  have 
granted  the  right  of  the  State  to  step  in  and  make  certain  regula¬ 
tions.  If  a  man  starts  a  machine  shop  and  puts  certain  ma¬ 
chinery  to  work,  we  have  admitted  the  right  of  the  State  to  step 
in  and  see  that  he  shall  put  guards  over  his  gearing  and  guards 
around  the  belts  and  certain  other  parts  of  the  moving  machinery. 
And  if  the  State  can  interfere  in  a  business  that  is  so  strongly  an 
individual  one,  as  the  mere  management  of  a  machine  shop,  it 
certainly  has  more  rights  in  one  that  partakes  so  much  of  a  pub¬ 
lic  nature  as  taking  the  coal,  one  of  nature’s  resources,  out  of 
the  earth  and  bringing  it  to  the  surface. 

Mr.  Stupakoff — Mr.  Chairman,  I  notice  that  you  are  draw- 
ing  a  comparison  between  railroads  and  coal  mines.  To  illus¬ 
trate  a  case,  I  don't  know  but  what  I  might  draw  a  further  case 
from  the  railroads.  An  ordinary  section  boss  down  on  the  rail¬ 
road  knows  what  a  good  track  is,  but  when  he  gets  down  to 
such  a  condition  that  he  is  not  bossing  more  than  two  streaks 
of  dust  and  a  right  of  way,  it  is  not  his  fault  if  there  is  a  large 
loss  of  life.  You  have  got  to  get  down  to  the  question  of  stocks 
and  bonds.  It  may  be  the  same  case  in  the  coal  mines.  If  they 
would  spend  a  few  more  dollars  on  the  mines  they  might  educate 
the  miners  a  great  deal  more  easily  and  more  quickly. 

Mr.  Scitellenberg — The  accidents  do  not  come  about  as 
supernatural,  providential,  or  beyond  human  control. 

Mr.  Stupakoff — They  used  to  hide  behind  an  old  law  in 
connection  with  railroads  that  where  there  was  a  rock  fell  down 
on  the  track  they  put  it  down  as  an  act  of  divine  providence. 
They  didn’t  say  anything  to  the  man  that  might  have  looked  up 
there,  seen  that  rock,  and  had  it  removed. 
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Mr.  Flanagan — Well  a  fairly  written  mining  law,  which 
is  up-to-date  and  is  the  productof  engineers  as  well  as  of  legis¬ 
lators  might  cover  such  ground  as  that  and  make  it  plain  whether 
the  owners  were  culpably  negligent,  or  whether  it  was  one  of 
those  accidents  that  were  unavoidable  under  the  kind  of  condi¬ 
tions  that  human  beings  have  to  accept.  It  might  be  possible  to 
avoid  a  great  many  accidents  if  we  could  afford  to  put  ten  times 
as  much  labor  and  cost  in  our  production  as  we  are  doing  now. 
Mr.  Fold’s  idea  is  that  the  mining  laws  should  be  sensible  enough 
to  outline  the  proper  methods.  To  that  extent  the  law  would 
apparently  be  justified  in  its  existence. 

Mr.  Scliellenberg — I  want  to  say  that  Mr.  Fohl  asks  too 
much,  however,  in  making  his  law  uniform.  That  can't  be.  There 
is  too  much  variety,  and  the  State  lines  make  it  impracticable. 
See  what  a  difference  there  is  between  the  anthracite  region  and 
this  region. 

Mr.  Fohl — I  only  ask  to  have  it  uniform  in  the  case  of  the 
bituminous  mines,  though,  and  one  of  the  reasons  for  that  is  that 
the  people  who  don't  care  try  to  shave  down  the  cost  of  production 
and  thus  bring  on  more  dangers.  In  other  words  everybody 
ought  to  be  on  the  same  basis.  The  people  who  don’t  care  should 
be  made  to  do  right  by  the  law  so  that  they  have  the  same  con¬ 
ditions  in  their  mines  as  the  people  who  are  willing  to  do  the 
proper  thing.  That  is  the  principal  idea  in  the  uniformity  of 
the  law,  to  bring  everybody  up  to  the  one  standard.  I  might 
cite  as  an  example  that  in  the  neighboring  State  of  West  Vir¬ 
ginia,  when  compelled  to  hire  a  mine  foreman  they  do  not  ask 
that  he  be  certified  at  all.  They  can  hire  anybody  that  they 
choose.  In  Pennsylvania  we  are  compelled  by  law  to  hire  mine 
foremen  with  a  certificate,  and,  of  course,  there  is  a  certain 
value  attached  to  that  certificate  and  just  so  far  as  that  value 
goes  we  are  at  a  disadvantage  with  West  Virginia  in  the  cost 
of  production.  This  is  only  cited  as  an  example  to  show  the 
hardships  that  may  be  imposed  in  competitive  districts  whose  laws 
are  not  uniform. 

Mr.  Flanagan — Can  we  hear  anything  further  from  the 
members?  I  would  like  to  see  the  discussion  drift  back  to  the 
coal  mining  people  away  from  those  who,  like  myself,  can  only 
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speak  in  very  general  terms.  Those  who  know  the  ins  and  outs 
of  the  business  can  throw  the  light  on  it. 

Mr.  Schellenberg — Well  I  would  like  to  say  a  word  in 
favor  of  such  a  company  as  Mr.  Schluederberg  represents.  I 
have  as  a  Democrat,  rather  been  opposed  to  consolidations,  except 
in  the  coal  business !  I  saw  the  good  effects  of  it  long  ago  in 
the  anthracite  region.  The  coal  operator  or  lessee  was  with 
shining  exceptions  by  contrast,  a  miserable  man,  a  bad  man,  I 
don’t  know  what  words  to  use.  But  the  consolidation  brought  in 
a  management  more  intelligent,  and  of  course  with  adequate 
capital  to  make  proper  additions  of  ventilation,  so  that  I  have 
always  advocated  it  and  preached  it  as  here  in  the  mining  in¬ 
terests.  That  is,  I  was  in  favor  of  consolidation  to  have  other 
better  conditions :  sanitary  conditions,  safe  conditions  in  the  mine 
and  a  conservation  of  this  valuable  fuel,  the  taking  out  of  it  sys¬ 
tematically  and  safely,  and  not  the  cut-throat  business  and  waste 
of  the  store  in  the  ground.  The  bygone  boss  man  here  didn’t 
know  how  to  weigh  coal  even. 

Mr.  Flanagan — Which  way  did  he  weigh  it?  For  or 
against  the  buyer? 

Mr.  Schellenberg — Well,  there  is  an  anecdote  of  one  of 
them  that  was  called  into  the  customer’s  office :  it  was  pointed 
out  to  him  that  he  was  delivering  only  eighteen  hundred  pounds 
to  the  ton  and  he  expressed  great  surprise,  saying,  “Is  it  weight 
you  want.  I  thought  you  wanted  cheap  coal  P’ 

Mr.  Schluederberg — There  is  not  any  question  but  what  in 
the  last  few  years  there  have  been  great  strides  made  in  advanced 
methods  and  workings  carrying  out  modern  ideas  in  the  coal 
business,  far  more  so  under  the  large  companies  or  combinations 
than  it  was  under  the  individuals.  The  business  has  enlarged, 
and  has  grown  more  dangerous  by  reason  of  deeper  workings  into 
the  hills.  In  the  early  days  when  the  coal  was  mined  in  the 
front  of  the  hills,  it  was  easy.  They  did  not  seem  to  need  air 
nor  trouble  about  drainage.  But  they  have  mines  now  where 
proper  air  must  be  furnished  and  the  working  places  of  the 
miners  must  also  be  kept  dry.  The  dangers  have  increased  by 
reason  of  the  advanced  workings  and  they  have  also  increased  by 
reason  of  the  greater  numbers  employed,  and  in  getting  these 
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greater  men  were  taken  that  were  not  practical  miners,  and  the 
result  was  more  accidents,  but  not  as  many  now  as  formerly. 
They  are  growing  less.  The  introduction  of  mining  machines 
also  caused  much  trouble.  The  men  were  ignorant  of  the  ma¬ 
chines,  and  in  their  efforts* to  hurry  and  make  large  earnings, 
they  would  not  properly  place  the  machines.  Now  we  are  get¬ 
ting  over  much  of  that,  and  I  am  quite  sure  the  accidents  are  not 
as  numerous  and  will  grow  less  as  we  go  along. 

Mr.  Klindworth — I  move  that  we  tender  a  vote  of  thanks 
to  Mr.  Fohl  for  his  excellent  paper. 

Mr.  Albree — I  want  to  second  that  motion  and  in  seconding 
it  I  want  to  state  that  I  particularly  admire  the  paper  for  its 
clear  and  logical  representation  of  the  subject  and  that  without 
any  bitterness  against  the  officials,  miners  or  the  workmen,  but  it 
was  an  extremely  fair  statement  to  engineers  who  are  not  familiar 
with  the  business  and  one  that  was  so  clear  and  concise  that  I 
for  one  have  a  very  much  better  idea  of  that  mining  law  than  T 
ever  had  before.  I  wish  to  second  that  motion. 

Mr.  Flanagan — I  will  be  very  glad  to  put  the  motion.  I 
think  we  have  all  profited  some  bv  the  paper  in  discussion. 

Motion  seconded  and  carried. 

„  *  C.  W.  Ridinger,  Secretary . 
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INERTIA  IN  GAS  AND  STEAM  ENGINES  * 

BY  A.  T.  KASLEY. 

Most  people  have  a  very  vague  conception  of  inertia.  It  is 
something  that  cannot  be  seen,  and  when  felt  is  nearly  always  in 
company  with  friction  and  other  forces,  so  that  it  is  difficult  to 
properly  realize  its  amount.  Moreover,  there  is  no  well-known 
instrument  for  showing  it,  as  we  have  the  Bourdon  gauge  for 
steam  pressure  and  the  thermometer  for  temperatures.  There  is 
an  instrument  for  attaching  to  a  reciprocating  engine  which  takes 
an  inertia  card  somewhat  resembling  an  indicator  card,  but  I 
don’t  suppose  more  than  one  person  in  ten  thousand  has  ever 
heard  of  it. 

Fortunately,  however,  inertia  follows  two  very  simple  mathe¬ 
matical  laws,  so  that  if  we  once  get  these  laws  clearly  fixed  in 
our  minds  we  will  be  able  to  solve  any  problem  that  may  come  be¬ 
fore  us.  These  laws  are  : 

Force=Mass  X  Acceleration. 

Action=Reaction  and  is  in  the  contrary  direction. 

MX  might  state  these  laws  in  another  form  better  suited  to 
our  purpose. 

Inertia  =  "clght  ^:)-fcMeTanun  j n  which  acceleration  is  the 
change  in  velocity  that  takes  place  in  one  second.  (The  velocity, 
of  course,  is  in  feet  per  second.) 

Inertia  is  equal  to  and  opposite  to  the  resultant  of  all  the 
other  forces  acting  on  a  body. 

Let  us  consider,  first,  the  simplest  problem  in  inertia,  viz.,  the 
falling  body. 

We  are  all  more  or  less  familiar  with  it.  Applying  the  laws 
just  enunciated,  we  have  that  the  inertia  equals  the  weight  (the 
only  other  force)  and  acts  in  the  opposite  direction  to  gravity. 
Also  the  Accelerations  •  Hence  if  we  plot  a  curve  with 

time  as  absissae  and  acceleration  as  ordinates  we  have  the  line  AB, 

*Read  before  the  Mechanical  Section  of  the  Engineers’  Society  of 
Western  Pennsylvania,  June  7,  1904. 
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Fig.  i,  which  is  horizontal  in  this  case  since  the  ordinate  is  con¬ 
stant.  If  now  we  prolong  the  vertical  lines  which  are  drawn 
equidistant  and  close  enough  together  to  give  accuracy,  we  can 
plot  the  corresponding  velocity  curve.  Starting  at  “C”  with  O 
velocity,  i.  e.,  when  the  body  has  just  started  to  fall,  we  know 
that  the  mean  acceleration  during  the  time  CE  is  the  distance  M.L. 
on  the  curve  AB.  But  acceleration  is  the  change  in  velocity  which 
takes  place  in  one  second,  and  in  second  the  change  w^ould 

be  -^-=DE.  In  the  same  way  — =FG,  and  if  we  set  a  pair 
of  proportional  dividers  in  the  ratio  K  w^e  can  easily  plot  the  suc¬ 
cessive  rises  in  the  velocity  curve  DE,  FG,  NO,  etc.,  giving  us 
the  points  D,  F,  O  and  through  which  w^e  draw7  the  smooth  line 
C.O.,  which  is  the  velocity  curve,  in  this  case  a  straight  line. 

Prolonging  the  verticals  still  farther  we  proceed  to  plot  the 
curve  of  position. 

Starting  at  “R,”  with  the  body  at  O  distance  from  the  hand, 
wTe  see  by  looking  above  that  the  mean  velocity  in  the  time  R.S. 
is  P.Q.,  and  since  R.S.  is  — of  a  second,  ST  must  equal  PO 

feet  per  second  X  sec.  =  feet.  Same  wTav  UV  =  ^ 
and  our  proportional  dividers  with  the  same  setting  as  before  en¬ 
able  us  to  easily  and  quickly  plot  the  curves  RZ,  which  you  will 
recognize  as  the  path  of  a  stone  thrown  horizontally. 

In  figure  2  w*e  have  a  problem  wrhich  is  just  the  reverse  of 
this.  Instead  of  having  the  inertia  known  and  the  position  re~ 
quired,  wre  have  the  position  at  any  time  located  and  the  inertia 
required. 

The  crank  A  rotates  uniformly,  having  attached  to  it  by  the 
connecting  rod  B  a  cross  head  C,  piston  rod  D  and  piston  E. 
What  is  the  inertia  due  to  the  masses  C,  D  and  E.  Laying  out 
the  crank  pin  circle  into  equal  parts  each  moved  through  in 
second,  and  corresponding  points  on  the  line  of  motion  of  E  by 
means  of  a  tram,  w7e  can  plot  the  curves  FMKL  where  any  ordi¬ 
nate  E1K  is  the  distance  of  the  piston  E  from  the  head  end  at  that 
particular  time.  Then  the  piston  having  moved  from  C  to  M 
in  -K-  second,  its  mean  velocity  must  be  MG  feet  -4 — =MGX 
K  feet  per  second  =  PO. 

The  use  of  proportional  dividers  set  ratio  K  enables  us  to 
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plot  the  points  PYr,  etc.,  half  way  between  the  verticals  and  a  curve 
through  them  is  the  velocity  curve.  Then,  since  the  velocity 
changes  by  an  amount  TU  in  second,  the  mean  acceleration 
or  change  of  velocity  per  second  must  =  TU  -4-  =TU  XK 
WX. 


Fig.  2. 


The  inertia  curve  ZX,  etc.,  will  not  be  recognized  by  most  of 
us  who  are  familiar  with  it  as  laid  out  on  indicator  cards,  be¬ 
cause  there  the  absissae  are  position  and  not  time,  but  putting 
YZ  on  the  lower  curve  '32.2  =  YZ  X  ;{L>.2  on  diagram  drawn  be¬ 
low  piston  E  we  have  the  well-known  inertia  curve  of  reciprocat¬ 
ing  engine  parts. 
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The  last  problem  in  inertia  that  we  will  consider  to-night  is 
that  of  the  fly-wheel. 

Adding  to  the  inertia  curve  for  reciprocating  parts  just  ob¬ 
tained,  the  indicator  card  of  the  engine  in  question,  and  also 
other  courves  for  the  effect,  if  any,  produced  by  gravity  on  the 
moving*  parts,  we  can  transfer  the  forces  by  the  principle  of  lever 
arms  to  the  rim  of  the  fly-wheel,  whose  weight  we  know  or  as¬ 
sume. 

Right  here  we  might  mention  that  considering  the  connect¬ 
ing  rod,  half  as  acting  with  the  reciprocating  parts  and  half  with 
the  rotating  parts,  we  will  get  almost  exactly  the  correct  inertia 
line.  Also  that  if  the  engineer  has  a  planimeter  at  his  disposal 
a  very  neat  way  of  reducing  the  indicator  card,  etc.,  into  the  crank 
effort  diagram  or  forces  acting  tangentally  on  the  rim  of  the  fly¬ 
wheel,  is  to  measure  the  areas  of  the  parts  of  diagrams,  etc.,  be¬ 
tween  the  equal  time  verticals.  By  the  principle  of  conservation 
of  energy,*  there  being  no  point  between  the  piston  and  fly-wheel 
rim  where  energy  can  get  away  (excepting  friction,  and  that  is 
supposed  to  be  uniform  and  is  neglected),  the  energy  represented 
by  areas  on  the  indicator  card  between  equal  time  lines  must  be 
equal  to  the  energy  represented  on  the  crank  effort  diagram  be¬ 
tween  the  same  equal  time  lines,  which  relation  gives  us  the  height 
of  the  mean  ordinate  and  enables  us  to  plot  a  point  midway 
between  the  time  lines.  This  avoids  a  confusing  number  of  lines 
on  the  drawing,  and  has  been  found  very  accurate. 

To  return  to  our  subject,  we  have  the  forces  acting  at  the  fly¬ 
wheel  rim  produced  by  the  engine.  We  can  also  plot  the  forces 
reacting  on  it  from  a  knowledge  of  our  load.  This  in  case  of  an 
electric  generator  is  considered  uniform,  or  in  the  case  of  an  air 
compressor  can  be  plotted  in  the  same  way  as  the  engine  forces. 

It  will  be  found  that  there  are  few  points  where  these  two 
sets  of  forces  are  equal  and  bv  our  law  of  inertia,  thq  mass  of  the 
fly-wheel  must  supply  inertia  equal  and  opposite  to  the  difference 
between  the  other  forces.  Here  our  problem  is  the  same  as  the 
first  one  considered,  and  though  apparently  complicated  will  be 
found  just  as  simple  and  worked  out  in  the  same  way  with  one 
difference  only. 
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The  rapid  motion  of  the  fly-wheel  would  make  our  position 
curve  an  exceedingly  steep  line,  but  as  we  are  concerned  only  with 
how  much  this  position  changes  from  what  it  would  be  if  it  were 
uniform,  we  move  the  base  line  of  our  velocity  curve  up  from  O 
velocity  to  the  point  of  uniform  velocity.  This  enables  11s  to  keep 
the  diagram  on  the  paper,  and  gives  us  the  same  results  as  to 
change  of  position  as  if  we  left  it  where  it  was.  It  is  generally 
necessary  also*  to  change  the  scale  of  our  curves  in  passing  from 
one  to  the  other,  to  keep  within  reason.  W  hatever  change  may  be 
necessary  is  embodied  with  K  in  the  setting  of  the  proportional 
dividers  and  gives  us  no  further  trouble. 

Thus  we  see  when  we  have  dragged  inertia  from  its  hiding 
place  and  made  it  sign  its  name  upon  our  drawings,  that  it  really 
is  a  great  aid  to  us  in  building  engines.  In  a  gas  engine,  for  in¬ 
stance,  especially  the  horizontal  double  tandem  form  that  is  now 
coming  to  the  front,  as  built  here  and  elsewhere,  the  inertia  greatly 
reduces  the  effect  of  the  high  explosive  pressures  on  the  crank  pin. 
and  may  even  produce  the  unexpected  result  of  giving  11s  almost 
as  uniform  turning  moment  as  a  steam  engine.  (See  Fig.  3.) 

DISCUSSION. 

Mr.  Snyder — Will  you  explain  that  Kth  of  a  second,  please? 

Mr.  Kasley — It  is  customary  for  me  in  my  work  to  divide 
the  cVank  circle  into  24  equal  parts,  so  that  the  value  of  K  is  one 
twenty-fourth  of  the  period  of  the  revolution  of  the  engine. 

Mr.  Snyder — Isn't  there  an  analytical  short-cut  we  can  use 
to  get  the  inertia  at  a  particular  point? 

Mr.  Kasley — There  is  an  analytical  method,  a  short-cut 
method  for  doing  that,  but  the  trouble  with  most  people  is  they 
generally  find  they  have  forgotten  it  when  they  want  to  use  it. 
This  other  method  is  founded  on  the  base  principal  and  it  is  hard 
to  forget.  That  is  the  chief  advantage  I  claim  for  this  method. 
The  other  method  is  shorter. 

Mr  Snyder — Suppose  you  wanted  to  determine  the  amount 
of  compression  to  carry  on  any  given  engine  and  want  to  figure 
quickly  what  is  the  effect  of  the  inertia  towards  the  end  of  the 
stroke  ? 
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Mr.  Kasley — In  other  words,  the  extreme  point.  If  you  fill 
in  the  weights  you  will  get  practically  the  same  point  as  that.  You 
can  put  in  the  correction  and  get  the  exact  crank  value.  If  the 
connecting  rod  is  five  times  the  crank,  then  the  value  at  the  head 
end  of  the  stroke  will  be  the  centrifugal  force  times  I  plus  one- 
fifth,  and  the  tail  end  of  the  stroke  will  be  one  minus  one-fifth. 

Mr.  Ellis — Do  you  take  the  weight  of  all  the  moving  parts 
and  consider  them  as  rotating  on  the  crank  point  ? 

Mr.  Kasley — In  work  of  this  kind  you  get  the  most  exact 
results  by  taking  all  the  reciprocating  parts  and  about  half  the 
connecting  rod.  The  connecting  rod  partly  reciprocates  and  part¬ 
ly  rotates,  so  that  taking  half  of  it  will  give  you  an  almost  exact 
value. 

Mr.  Ellis — You  consider  that  as  going  right  on  the  crank 
point  ? 

Mr.  Kasley — Yes,  sir. 

Mr.  Snyder — I  would  like  to  ask  about  the  indicator  men¬ 
tioned  for  determining  the  inertia.  Is  it  a  distinctive  instrument 
similar  to  the  regular  steam  engine  indicator  ? 

Mr.  Kasley — It  can  be  built  on  very  much  the  same  lines  by 
substituting  for  the  piston  a  heavy  weight,  allowing  the  whole  in¬ 
strument  to  reciprocate  on  the  cross-head ;  and  the  inertia  at  any 
time  will  be  represented  by  the  force  which  the  indicator  spring 
has  to  impose  against  the  tendency  of  the  weight  to  move.  If  I 
had  to  construct  one  on  short  notice  I  would  take  an  indicator  and 
attach  it  to  the  cross-head  with  the  cylinder  parallel  with  the  mo¬ 
tion  of  the  cross-head  and  in  place  of  the  piston  of  the  indicator  I 
would  attach  a  large  weight,  comparatively  speaking,  which  was 
free  to  move,  being  controlled  only  by  the  indicator  spring. 
Then  the  string  of  the  drum,  being  fastened  stationary  at  any 
point,  the  drum  would  revolve  as  the  cross-head  moves  back  and 
forth,  and  the  inertia  of  the  parts  would  be  represented  by  the  in¬ 
ertia  of  this  weight  which  would  deflect  the  spring  more  or  less 
according  as  the  inertia  was  greater  or  less. 

Mr.  Cronemeyer — I  would  like  to  ask  about  the  disturbing 
influence  of  the  counterweight. 

Mr.  Kasley — If  we  remember  that  at  one  part  of  the  stroke 
the  engine  has  to  lift  the  counterweight,  thereby  doing  a  large 
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amount  of  work  which  holds  it  back,  and  in  another  part  of  the 
stroke  the  counterweight  is  falling  and  it  is  working  with  the  en- 
'gine,  thereby  increasing  the  speed. 

It  is  customary  in  considering  vertical  engines  to  get  the  force 
due  to  inertia  by  simply  adding  a  horizontal  line  on  the  indicator 
cards  the  correct  distance  below  the  zero  line,  and  a  very  easy  way 
to  do  that  is  to  drop  your  inertia  line  the  required  distance  in  one 
case  and  raise  it  in  the  other. 

Mr.  Flint — One  question  was  asked  a  few  minutes  ago  and 
I  did  not  quite  understand  the  answer.  It  referred  to  that  i-j-1/5. 
It  seemed  to  me  that  inertia  at  the  end  of  the  sroke  would  be  com¬ 
puted  by  taking  the  total  weight  of  the  reciprocating  and  revolv¬ 
ing  parts  and  multiplying  by  that  1  +  1/5  and  1 — 1/5- 

Mr.  Kasley — If  I  understood  Mr.  Flint’s  question  he  is  right 
in  one  way  and  wrong  in  another.  If  you  are  after  the  effect  on 
the  crank  effort  diagram  then  von  should  onlv  take  half  the 
weight  of  the  connecting  rod  into  account,  but  if  you  are  after  the 
pressure  on  the  crank  pins  at  the  end  of  the  stroke  then  you  must 
take  in  the  whole  of  the  connecting  rod  because  the  revolving 
weight  in  that  case  has  the  same  effect  as  the  reciprocating  weight. 

Mr.  James — I  would  like  to  know  what  happens  after  you  get 
the  curve.  How  is  the  inertia  of  the  fly-wheel  affected  by  that 
curve  ? 

Mr.  Kasley — The  rule  is,  in  working  this  out,  to  assume  a 
certain  fly-wheel.  That  would  be  1,000,000  pounds,  or  anything. 
Then  if  the  displacement  comes  out  greater  than  is  assumed  the 
fly-vdieel  has  to  be  increased  or  decreased  in  proportion  to  whether 
this  quantity  is  greater  or  less  than  what  is  required.  If  the  dis¬ 
placement  comes  out  half  as  great  as  you  want  it.  you  don't  have  to 
go  back  any,  you  simply  divide  the  assumed  weight  by  tvT0  to  get 
the  weight  you  are  after. 

Mr.  Arnold — Mr.  Chairman,  a  point  occurs  to  me,  in  this 
connection,  as  one  of  the  perplexing  problems  of  reciprocating  de¬ 
sign  ;  that  is,  the  effects  of  inertia  of  alternators  in  parallel  and 
of  the  effect  this  disturbing  element  has  on  the  synchronizing  force 
of  generators  so  operated. 

In  looking  at  the  diagram  presented,  it  appears  to  me  that  if 
we  had  a  reciprocating  engine  driving  an  alternator  which  was 
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not  giving  the  required  degree  of  regulation  for  the  engine  to  op¬ 
erate  in  parallel,  would  it  not  be  possible  to  determine  the  j>oint  in 
the  stroke  where  the  disturbance  was  set  up,  or  that  part  of  the 
revolution  where  the  fly-wheel  was  running  ahead  or  lagging  so 
far  behind  as  to  set  up  cross  currents  which  were  in  excess  of 
the  allowable  amount  for  satisfactory  parallel  operating,  and  then 
to  use  a  counter  disturbing  force  in  the  form  of  a  weight  so  dis¬ 
posed  on  the  fly-wheel  or  the  generator  rotor  as  to  more  or  less 
overcome  the  primary  disturbance  ? 

I  would  like  to  hear  from  someone  if  that  has  ever  been 
worked  out  and  what  would  be  the  probable  result. 

Mr.  Kasley — I  happen  to  know  that  that  very  thing  was  pro¬ 
posed  in  one  case,  but  the  foundations  and  bearings  were  not  suf¬ 
ficiently  strong  to  resist  the  centrifugal  force  due  to  such  a  weight 
so  that  its  use  had  to  be  abandoned. 

Mr.  Flint — Mr.  President,  1  would  like  to  ask  Mr.  Kasley 
whether  the  curve  for  the  counter- weight  there  shown  is  for  the 
whole  counter-weight  or  for  that  portion  of  the  counter- weight 
which  isn't  directly  balanced  by  some  revolving  part  ? 

Mr.  Kasley — That  is  for  the  unbalanced  counter- weight. 

Mr.  Snyder — All  this  discussion  has  referred  to  engines  with 
fly-wheels.  I  would  like  to  knew  if  this  method  is  applicable  to 
engines  without  fly-wheels  simply  for  the  purpose  of  counterbal¬ 
ancing,  and  if  so,  what  modifications  are  necessary,  if  any. 

Mr.  Kasley — I  don't  think  this  method  could  lx-  used  in  re¬ 
lation  to  engines  without  fly-wheels,  if  we  refer  to  the  vibration 
produced  by  them,  to  the  vibration  produced  by  the  reciprocating 
parts  on  marine  engines,  for  instance. 

A I R.  Snyder — Yes,  or  heavy  mill  engines  when  the  recipro¬ 
cating  parts  are  moving  very  rapidly  hack  and  forth  ;  f  >r  instance, 
if  you  wanted  to  calculate  the  engine  to  find  out  whether  it  was 
properly  counterbalanced  and  what  effect  was  being  produced  on 
the  quarter-boxes. 

Mr.  Kasley — Well,  this  method  is  not  applicable  to  the 
stresses  produced  on  the  foundation,  the  jar  of  the  building  or  any¬ 
thing  of  that  kind,  but  it  will  work  well  if  the  engine  does  not  run 
evenly;  that  is  if  it  runs  perceptibly  faster  in  some  parts  of  the 
stroke  than  others. 
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Mr.  Stucki — We  have  a  similar  case  in  counterbalancing  lo¬ 
comotives — although  the  object  is  not  so  much  to  get  a  uniform 
velocity  as  to  reduce  the  shocks  on  the  frame  and  the  tracks.  In 
this  country  usually  one-third  of  the  reciprocating  parts  and  all  of 
the  revolving  parts  are  counterbalanced.  In  some  parts  of  the 
.  West,  where  sand  tracks  exist,  however,  a  smaller  portion  or  none 
of  the  reciprocating  parts  are  counterbalanced,  so  that  the  shocks 
due  to  these  reciprocating  parts  are  mostly  or  completely  taken  up 
by  the  frame  instead  of  by  the  track  ;  as  it  is  claimed  by  some  west¬ 
ern  railroad  managers  that  it  is  easier  to  repair  the  frame  than 
the  track. 

Mr.  Flint — There  has  been  an  interesting  experiment  per¬ 
formed  at  Perdue  University  by  Prof.  W.  F.  M.  Goss.  A  loco¬ 
motive  was  supported' on  wheels  journaled  underneath  its  driving 
wheels.  Different  counter-weights  accoring  to  different  systems 
were  put  in,  and  then  a  copper  wire  was  run  between  the  two 
wheels,  and  the  variation  in  compression  of  that  wire  indicated 
what  the  track  pressure  would  be.  There  were  sometimes  spots 
where  the  wire  was  not  crushed  at  all,  showing  the  upward  force 
due  to  the  overbalance  of  the  counter-weight  would  be  sufficient 
to  lift  the  wheels  entirely  off  the  track.  At  other  points  of  course, 
where  the  counter-weight  was  going  down,  the  wire  was  very 
thin. 

Mr.  James — Mr.  Chairman,  I  would  like  to  know  something 
about  what  has  been  accomplished  in  fly-wheel  work.  With  our 
multiple  pole  generators,  where  the  variation  is  not  one  revolu¬ 
tion,  but  a  very  small  arc  of  a  revolution,  what  is  now  considered 
reasonable  practice  in  percent,  approximately? 

Mr.  Kasley — The  electric  companies  in  general  allow  a  total 
displacement  equal  to  the  manner  of  poles  divided  by  twelve.  In 
an  ordinary  generator,  ioo  R.P.M.,  we  have  72  volts  and  only 
one-sixtieth  of  a  degree  displacement  is  allowable,  and  that  re¬ 
quires  a  pretty  heavy  fly-wheel,  and  it  has  been  found  that  by 
actually  measuring  the  displacement,  if  it  is  measured  before  they 
are  run  in  parallel,  the  displacement  is  found  as  in  the  diagram, 
but  after  they  have  been  thrown  parallel  the  synchronizing  force 
generally  multiplies  it  by  two  or  more. 
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Mr.  Ellis — In  the  course  of  Mr.  Kasley ’s  remarks,  he  said, 
if  you  will  look  over  the  diagram,  you  will  note  that  there  is  no 
difference,  or  very  little  difference,  between  the  ordinary  gas  en¬ 
gine  and  the  ordinary  steam  engine.  That  inferred  that  the  fly¬ 
wheel  would  not  need  to  be  any  larger  than  you  use  on  the  steam 
engine.  My  understanding  is  that  you  usually  put  a  larger  one 
on  a  gas  engine  for  that  reason. 

Mr.  Kasley — This  diagram  was  made  for  a  tandem  double¬ 
acting  gas  engine,  and  it  is  very  different  from  the  ordinary  gas 
engine.  It  is  true  that  vou  would  need  a  verv  much  heavier  wheel 
on  this  kind  of  engine  than  on  the  steam  engine. 

Mr.  Hasi.em — I  didn't  quite  understand  the  remarks  about 
the  weight  of  the  fly-wheel  as  compared  with  the  steam  engine. 
I  fail  to  see  yet  where  the  gas  engine  has  any  great  benefit. 

Mr.  Kasley — I  think  if  you  would  compare  the  crank  effort 
diagram,  just  as  you  see  it  there,  you  will  find  there  is  very  little 
difference. 

Mr.  Haslem — That  is  what  I  don't  understand  when  your 
initial  pressure  is  two  or  three  times  as  large. 

Mr.  Arnold — Mr.  Chairman,  I  believe  that  what  is  meant  to 
be  conveyed  by  Mr.  Kasley's  remarks  is  the  fact  that  as  the  gas 
engine,  taken  as  an  illustration,  is  a  tandem  double-acting  ma¬ 
chine,  it  necessarily  has  a  greater  weight  in  the  reciprocating  parts 
than  would  ordinarily  be  put  into  a  corresponding  steam  engine, 
but  the  fact  that  we  do  have  a  large  weight  of  reciprocating  parts 
in  proportion  to  the  piston  diameter  of  the  gas  engine,  this  weight 
accrues  to  its  benefit  when  the  inertia  developed  is  taken  account 
of  in  connection  with  the  peaked  indicator  card  of  gas  combustion 
in  the  cylinder.  The  resulting  crank  effort  diagram  is  smoothed 
down  therefore  so  as  to  approximate  very  closely  that  of  a  steam 
engine  diagram  where  the  weight  of  the  reciprocating  parts  is  a 
great  deal  less  than  that  of  the  gas  engine,  but  where  they  have 
no  sharp  peak  of  pressure  at  the  beginning  of  the  stroke  or  com¬ 
pression  at  the  end  to  react  against. 
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(Paper  read  before  the  General  Society  at  the  March  meeting.) 
PRESENT  ELECTRIC  RAILWAY  PRACTICE. 

BY  CLARENCE  RENSHAW. 

The  first  commercial  electric  railway  in  operation  was  open¬ 
ed  for  traffic  in  the  suburbs  of  Baltimore,  Md.,  in  1885.  Two 
years  later,  in  1887,  there  were  in  the  United  States  about  twenty 
railways  having  together  100  electric  motor  cars.  In  1903,  less 
than  twenty  years  later,  the  number  of  electrically  equipped  cars 
in  this  country  was  placed  at  55,000  and  the  total  capitalization 
of  electric  railway  enterprises,  to-day,  is  estimated  as  $2,500,000,- 
000. 

Remarkable  as  are  the  above  figures  in  regard  to  the  growth 
of  electric  railways,  there  is  a  fact  in  regard  to  the  engineering 
side  which  is  perhaps  even  more  remarkable.  On  one  of  these 
early  electric  railways,  viz.,  that  built  in  Richmond,  Ya.,  in  1887, 
under  the  direction  of  F.  J.  Sprague,  there  were  the  following 
technical  features : 

The  electric  current  was  supplied  by  constant  potential  gen¬ 
erators,  at  a  pressure  of  approximately  500  volts. 

This  current  was  distributed  to  the  cars  in  multiple  by  a 
single  overhead  trolley  wire,  supplemented  by  heavier  feed  wires 
in  parallel  with  it. 

The  return  circuit  was  formed  by  the  track  rails,  which  were 
bonded  together  and  reinforced  by  copper  conductors. 

The  cars  received  their  current  through  an  under  running 
trolley  mounted  in  the  center  of  the  car  roof,  and  arranged  for 
a  universal  swiveling  motion  in  any  direction. 

There  were  two  motors  per  car,  one  mounted  on  each  axle. 
These  motors  were  centered  on  the  axles  to  which  they  were 
geared,  and  the  free  sides  were  flexibly  suspended  from  the 
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The  motors  were  of  the  direct  current  series  type  and  had 
the  brushes  fixed  rigidly  in  a  position  suitable  for  rotation  in 
either  direction. 

These  features  which  were  incorporated  in  one  of  the  first 
twenty-five  electric  railway  ever  built,  are  still  retained  at  one 
present  time.  Most  of  the  essential  elements  of  present  practice 
were  thus  begun  at  a  very  early  stage  of  the  art  and  the  changes 
of  the  intervening  years  have  been  largely  in  the  nature  of  de¬ 
velopment,  of  details  rather  than  of-  radical  change.  Only  one 
entirely  new  element  has  been  introduced,  and  this  is  the  rotary 
converter.  This  machine  permits  the  generation  and  transmis-  • 
sion  of  power  as  alternating  current  and  its  conversion  to  direct 
current,  at  a  point  near  where  the  power  is  to  be  utilized.  Even 
this  one  new  link  is  not  universally  used,  but  only  in  certain 
cases. 

In  pointing  out  briefly  the  present  practice  in  regard  to  the 
equipment  and  operation  of  electric  railway  systems,  the  subject 
may  be  logically  divided  into  three  parts.  These  are,  first,  the 
generation  of  the  electric  power ;  second,  its  transmission  and 
distribution  to  the  cars ;  and  third,  its  utilization  at  the  cars. 

Since  the  third  item,  that  of  operating  the  cars  is  really  the 
end  sought  for,  and  the  first  and  second  items  are  merely  means 
for  its  accomplishment,  we  will  reverse  the  logical  order  and  con¬ 
sider  this  item  first. 


OPERATION  OF  CARS. 

Motors.  The  power  required  to  operate  a  car  in  any  of  the 
usual  kinds  of  service  varies  greatly  from  moment  to  moment. 
In  order  to  obtain  a  proper  understanding  of  the  matter  it  is  not 
sufficient  to  consider  this  power  as  horse  power  alone,  but  it  must 
be  resolved  into  its  two  elements,  torque,  (or  tractive  effort),  and 
speed.  To  maintain  a  car  at  uniform  speed  on  a  level  track  re¬ 
quires  a  comparatively  small  torque.  On  a  heavy  grade,  how¬ 
ever,  a  large  torque  is  necessary.  But  to  start  a  car,  even  on  a 
level,  requires  a  very  large  torque,  althought  the  speed  in  this 
case  is  not  great.  A  motor  intended  for  railway  service  must 
thus  be  capable  of  producing  large  torques  and  must  also  be  able 
to  operate  satisfactorily  under  wide  variations  of  load. 
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The  power  developed  by  an  electric  motor  depends  on  two 
factors — the  field  magnetism  and  the  armature  current.  The 
torque  developed  depends  on  the  product  of  these  two,  but  the 
speed,  under  a  given  set  of  conditions,  depends  on  the  field 
magnetism  alone.  The  speed  varies  inversely  as  this  magnetism, 
so  that  increasing  the  field  magnetism,  decreases  the  speed,  while 
decreasing  the  magnetism,  increases  the  speed. 

There  are  two  kinds  of  electric  motors.  In  one  of  these — 
the  constant  field  (or  shunt)  motor — the  field  is  supplied  by  a 
separate  circuit  and  remains  constant  at  all  times.  This  motor 
runs  at  a  practically  constant  speed  at  all  loads  and  consequently 
a  large  torque  means  a  large  horse  power  output  and  therefore 
a  large  power  input  from  the  supply  line. 

The  other  type — the  variable  field  (or  series)  motor — has 
its  field  circuit  in  series  with  its  armature,  and  the  field  mag¬ 
netism  therefore  depends  directly  on  the  load  and  increases  with 
it.  An  increase  in  current  in  such  a  motor,  increases  both  factors 
which  make  up  the  torque,  and  moreover  such  an  increase  in 
current  decreases  the  speed.  A  large  torque  therefore  does  not 
mean  a  correspondingly  large  output  and  input. 

If  motors  of  the  constant  field  type  were  used  on  cars,  it  is 
evident  that  they  would  be  poorly  adapted  to  produce  the  large 
torques  necessary  in  starting  and  on  grades.  Again,  on  grades 
where  large  torques  were  necessary,  the  car  would  run  at  sub¬ 
stantially  the  same  speed  as  on  a  level  where  only  a  small  torque 
was  required.  There  would  thus  be  a  heavy  load  on  the  power 
house  in  the  first  case  and  a  very  light  one  in  the  second,  and  in 
general,  there  would  be  considerable  fluctuation  in  the  demand  for 
power. 

Motors  of  the  variable  field  or  series  type,  are  well  adapted 
for  producing  large  torques,  since  the  torque  increases  much 
more  rapidly  than  the  current,  i.e.,  doubling  the  current  usually 
giving  about  three  times  the  torque.  With  such  motors,  more¬ 
over,  on  a  level  where  the  torque  needed  is  small,  the  speed  of  the 
car  will  be  high,  thus  tending  to  increase  the  output,  while  on  a 
grade  where  a  large  torque  is  needed,  the  speed  will  be  low,  thus 
keeping  down  the  output,  Thus  there  is  a  tendency  for  the 
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motor  to  work  at  a  uniform  output  and  maintain  a  steady  load  on 
the  power  house. 

The  series  type  of  motor  is  hence  well  adapted  for  railway 
work,  and  the  use  of  such  motors  exclusively  is  an  important 
item  of  present  practice. 

Speed  Regulation.  As  has  already  been  mentioned,  the  speed 
of  the  series  motor  with  constant  applied  voltage,  depends  on  the 
torque.  If  a  different  voltage  is  applied,  however,  the  speed 
with  a  given  torque  will  be  different,  depending  on  the  voltage. 
This  fact  gives  a  means  of  regulating  the  speed  of  a  car  equipped 
with  such  motors. 

Power  is  supplied  to  the  car  at  a  nominally  constant  voltage, 
and  the  speed  which  this  gives  with  any  particular  torque  is,  of 
course,  the  maximum  that  can  be  obtained.  -  By  reducing  this  line 
voltage  before  it  is  applied  to  the  motors,  however,  any  desired  re¬ 
duced  speed  can  be  had. 

Reduced  voltage  of  any  desired  value  at  the  motors  is  se- 
cureel  from  the  constant  line  voltage,  by  passing  the  current 
through  the  proper  amount  of  resistance  on  its  way  to  the  motors. 
This  method  of  controlling  the  motors,  however,  involves  a  con¬ 
siderable  loss  of  power  at  reduced  speeds,  since  the  difference  be¬ 
tween  the  voltage  at  the  motors  and  that  of  the  line,  multiplied 
by  the  current  flowing,  represents  energy  which  does  no  useful 
work,  but  is  expended  in  heating  the  resistance. 

If  there  are  two  motors  on  the  car,  and  these  are  connected 
in  series,  so  that  the  current  flows  first  through  the  one  and  then 
through  the  other,  the  voltage  at  each  motor  will  be  only  half  of 
that  of  the  line.  If  the  connections  are  now  changed  so  that  the 
current  flows  independently  through  each  motor,  each  motor  will 
then  get  the  full  line  voltage.  This  arrangement  enables  two 
speeds  to  be  obtained  without  the  use  of  any  resistance,  and  a 
combination  of  this  method,  with  the  resistance  method  of  con¬ 
trol,  reduces  by  half  the  power  lost  in  securing  the  necessary 
speed  control  of  the  car. 

A  combination  of  switches,  arranged  to  be  operated  in  the 
proper  sequence  by  the  movement  of  a  single  handle  and  effect¬ 
ing  the  above  connections,  is  called  a  series-parallel  controller. 
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The  use  of  this  is  the  standard  way  of  obtaining  speed  control 
in  a  modern  electric  car. 

Mechanical  Arrangements.  In  order  to  take  advantage  of 
this  series-parallel  arrangement,  there  are  always  two  or  four 
motors  on  a  car.  This  also  gives  a  greater  part  of  the  total 
weight  on  the  driving  wheels,  and  leaves  a  reserve,  in  case  of 
accident  to  one  of  the  motors. 

Large  motors  are  occasionally  made  to  be  mounted  directly 
on  the  axle  without  the  use  of  gears.  These  are  called  “gear¬ 
less  motors.”  Such  motors  are  usually  built  with  a  hollow  shaft 
through  which  the  axle  passes.  Power  is  transmitted  from  the 
shaft  to  the  axle  by  suitable  springs. 

Usually,  however,  the  motors  are  mounted  on  the  axles,  with 
one  side  of  the  frame  resting  on  the  axle,  and  the  other  supported 
from  the  truck.  Power  is  communicated  from  the  motor  shaft 
to  the  axle  bv  a  pinion  on  the  shaft,  which  meshes  with  a  gear 
on  the  axle.  On  account  of  the  single  pair  of  gears  thus  used, 
such  motors  are  called  “single  reduction.”  to  distinguish  them 
from  earlier  ones,  which  had  double  reduction.  Single  reduction 
gearing  is  the  modern  method  of  connecting  railway  motors  to 
the  car  axles. 

Hoi v  Current  is  Supplied.  Current  is  supplied  to  the  car 
from  a  bare  wire  suspended  above  the  track,  against  which  runs 
a  copper  wheel  carried  on  the  end  of  a  pole  on  the  car.  Heavy 
springs  at  the  base  of  the  pole  keep  it  pressed  against  the  wire. 

In  some  cases  where  the  cars  run  over  private  rights  of 
way,  and  where  heavy  cars  requiring  a  large  amount  of  power 
to  operate  them  are  used,  the  current  is  supplied  by  an  additional 
rail  placed  beside  the  track  rails.  Tron  current  collectors  or 
“shoes”  rubbing  on  this  Tail  gather  up  the  current. 

Size  of  Motors.  The  dimensions  of  railway  motors  are 
limited  in  general  by  the  space  available  under  a  car,  without 
raising  the  car  so  high  from  the  ground  that  it  will  bo  unsuited 
for  quick  ingress  and  egress  of  passengers.  For  city  cars,  a 
wheel  33"  in  diameter  is  considered  the  maximum.  For  inter- 
urban  work.  36-inch  wheels  are  generally  used. 

Cars  for  city  service  are  seldom  equipped  with  less  motor 
capacity  than  two  25  H.  P.  motors.  On  the  other  hand  such 
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equipments  rarely  exceed  four  50  H.  P.  motors,  the  exact  size  of 
the  equipment  in  any  given  case  depending  on  the  weight  of  the 
car,  the  speed  at  which  it  is  run,  and  the  frequency  of  stops.  Cars 
for  interurban  service  are  equipped  usually  with  four  50  H.  P. 
motors,  four  75  II.  P.  motors,  or  two  150  H.  P.  motors.  In  some 
'cases,  however,  equipments  as  large  as  four  125  H.  P.  motors  are 
used. 

The  largest  size  of  railway  motors  now  in  use  under  pas¬ 
senger  cars  are  motors  of  200  H.  P.  each.  With  the  present 
limitations  of  space,  it  seems  probable  that  this  will  be  the  limit. 
Larger  motors  are  in  use  on  electric  locomotives,  where  more 
room  can  be  had  for  the  motors. 

The  rating  of  a  railway  motor  in  horse  power  is  frequently 
misunderstood.  It  does  not  mean  the  load  which  the  motor  may 
carry  continuously,  as  does  the  rating  of  electric  motors  for  ordin¬ 
ary  kinds  of  work,  but  it  refers  rather  to  the  maximum  output 
which  the  motor  should  usually  be  called  upon  to  give  during  the 
variable  loads  of  service.  The  equivalent  steady  load  which 
a  railway  motor  will  carry  continuously  is  generally  about 
one  half  of  its  horse  power  rating. 

TRANSMISSION  AND  DISTRIBUTING  SYSTEM. 

Voltage.  The  pressure  at  which  electric  power  is  supplied 
has  an  important  bearing  on  the  economy  of  construction  and 
operation  of  a  railway.  Just  as  a  larger  flume  is  necessary  to 
carry  the  water  for  a  given  power  output  if  the  fall  is  low,  so 
larger  conductors  are  needed  to  carry  the  current  tor  a  given 
electric  output,  in  inverse  pfoportion  to  the  voltage.  Owing  to 
the  inherent  characteristics  of  the  direct  current  railway  motor, 
the  maximum  voltage  which  has  been  found  practical,  is  about 
600  volts.  The  voltage  of  direct  current  generators,  too,  is  limit¬ 
ed,  although  the  limit  is  somewhat  higher  than  that  of  motors,  on 
account  of  their  larger  size.  The  voltage  of  the  entire  system  is 
limited,  however,  by  that  of  the  motors,  to  approximately  600  volts. 

Feeders  and  Return  Circuit.  It  has  already  been  noted  that 
power  is  supplied  to  the  cars  by  a  trolley  wire  or  working  con¬ 
ductor  suspended  above  the  track.  The  other  side  of  the  circuit 
is  formed  bv  the  track  rails.  The  trollev  alone  is  usually  not 
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sufficient  to  transmit  the  power  for  the  entire  system.  It  is  sup¬ 
plemented  bv  a  number  of  heavier  conductors  carried  along  on 
the  same  poles  and  connected  to  it  at  frequent  intervals.  'Hie 
side  of  the  circuit  formed  by  the  track  rails  is  generally  sufficient, 
except  that  as  the  fish  plates  do  not  make  very  good  electrical 
contact  between  rails,  adjacent  rails  are  connected  together  by 
copper  wires  or  cables  called  “rail  bonds,”  “bond  wires”  or  simply 
“bonds.” 

In  the  transmission  of  the  power  from  the  generating  station 
to  the  cars,  through  the  conductors,  a  certain  loss  of  power  in  the 
Conductors  always  takes  place.  There  is  also  a  drop  in  the  press¬ 
ure.  If  the  conductors  are  not  of  sufficient  size,  the  power  lost 
in  transmission  may  become  a  considerable  item  of  cost  and  the 
drop  in  pressure  moreover  may  become  so  great  as  to  interfere 
with  the  proper  operation  of  the  cars.  For  instance,  if  the  press¬ 
ure  at  the  cars  is  only  50$  normal,  then  the  speed  of  a  car  on  any 
given  grade  will  be  a  little  less  than  the  same  per  cent,  of  the 
normal  speed.  It  is  thus  essential  that  the  conductors  be  of  the 
proper  size. 

The  proper  size  of  conductor  to  transmit  a  given  amount 
of  power  at  a  given  pressure  with  a  given  loss  (or  a  given  drop 
in  pressure)  depends  on  the  distance  of  transmission,  and  thus 
the  greater  the  distance  the  power  has  to  be  transmitted,  the 
great  becomes  the  cost  of  the  conductors  for  transmitting 
a  given  amount  of  power.  There  is  thus  a  limit  to  the  distance 
which  power  can  be  economically  transmitted,  and  this  limit  de¬ 
pends  both  on  the  amount  of  power  and  on  the  voltage  of  trans¬ 
mission.  The  economic  limit  for  600  volt  direct  current  railway 
lines  is  from  five  to  ten  miles  from  the  power  station. 

Long  Distance  Railways.  This  distance  was  in  general  suffi¬ 
ciently  great  to  enable  the  small  electric  lines  first  established 
in  cities  or  towns,  to  be  supplied  from  a  single  power  house. 
When  these  systems  grew  too  large  and  covered  too  great  an 
area  for  this,  other  power  houses  were  established  in  different 
localities.  As  the  cars  ran  at  frequent  intervals,  a  power  station 
could  always  supply  a  number  of  cars  and  could  operate  with  fair 
economy. 
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In  order  to  operate  an  interurban  road,  however,  where  it 
was  desired  to  run  only  a  single  car  at  intervals  of  an  hour  or 
so,  it  was  necessary  to  build  power  stations  at  distances  of  from 
ten  to  twenty  miles  apart,  along  the  road.  These  power  stations 
were  small,  since  they  supplied  only  one  or  two  cars  at  a  time 
and  moreover  they  were  running  light  most  of  the  time,  since  the 
cars  were  run  at  infrequent  intervals.  Thus  such  power  stations 
were  costly  per  unit  of  output  and  were  operated  at  poor  econ¬ 
omy.  Consequently  as  long  as  the  art  was  in  this  stage,  few  such 
roads  were  built. 

Various  schemes  were  devised  to  extend  the  distance  over 
which  power  from  a  single  generating  point  could  be  transmitted. 
One  of  these  was  to  generate  power  for  supplying  distant  por¬ 
tions  of  the  line,  at  a  voltage  considerably  higher  than  was  safe 
•  for  use  at  the  motors,  by  means  of  an  auxiliary  generator,  called 
a  ‘‘booster,"  in  series  with  the  main  generators.  This  extra  volt¬ 
age  would  then  supply  the  drop  of  pressure  in  the  line,  leaving 
the  proper  pressure  for  the  cars.  This  arrangement  overcame 
the  difficulty  as  far  as  pressure  was  concerned,  but  did  not  over¬ 
come  the  loss  of  power. 

Another  arrangement  was  to  locate  a  storage  battery  on  the 
distant  section  of  the  line  and  supply  power  to  it  at  a  voltage  suffi¬ 
ciently  high  to  allow  for  the  drop  in  the  feeder.  A  small  amount 
of  power  could  be  supplied  to  the  battery  through  a  feeder  of 
reasonable  size,  and  supplied  steadily  all  day  long.  The  battery 
would  then  store  up  this  power  which  was  supplied  in  small  quan¬ 
tity  for  long  times  and  give  it  out  in  large  quantities  for  short 
times,  to  supply  the  infrequent  demands  of  the  cars. 

All  such  arrangements  were  makeshifts,  however,  rather 
than  true  solutions  of  the  problem. 

Rotary  Converters .  The  rotary  converter  is  a  machine  for 
changing-  alternating  current  into  direct  current.  It  was  intro- 
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duced  about  1895  and  has  played  an  important  part  in  the  devel¬ 
opment  of  electric  railways.  In  appearance  it  resembles  an  or¬ 
dinary  direct  current  generator  except  that  ir stead  of  being 
driven  by  an  engine  or  water  wheel,  it  is  run  as  an  electric  motor 
by  the  alternating  current.  The  rotary  converter  thus  in  effect. 
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embodies  in  itself  an  alternating  current  motor  driving  a  direct 
current  generator. 

The  voltage  of  an  alternating  current  circuit  can  readily  be 
raised  or  lowered  by  means  of  transformers,  without  the  use  of 
moving  machinery.  By  using  alternating  current  for  the  trans¬ 
mission  of  power,  therefore,  the  power  can  be  generated  at  any 
convenient  voltage,  raised  to  a  high  voltage  for  transmission  and 
then  reduced  again  for  utilization. 

By  the  use  of  rotary  converters,  powTer  for  electric  railways 
can  be  generated  and  transmitted  as  alternating  current,  thus 
using  a  high  voltage  for  transmission,  and  being  able  to  trans¬ 
mit  economically,  and  then,  at  convenient  points,  can  lx?  readily 
changed  into  direct  current  for  the  operation  of  the  cars.  A 
place  where  such  a  transformation  is  made  is  called  a  sub-sta¬ 
tion  and  is  in  effect  the  same  as  a  direct  current  generating  sta¬ 
tion.  Sub-stations,  however,  especially  for  small  or  moderate 
outputs,  can  be  installed  and  operated  for  a  much  less  cost  than 
could  direct  current  generating  stations. 

The  development  of  the  rotary  converter  therefore  opened 
up  at  once  an  immense  field  for  the  building  of  long  distance 
suburban  and  interurban  electric  railways.  It  was  so  success¬ 
ful  in  this  field  that  it  has  since  come  into  general  use  even  for 
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the  operation  of  cars  in  cities,  where  in  many  cases  a  large  alter¬ 
nating  current  power  station,  located  where  land  is  cheap  and 
transportation  for  coal  convenient,  with  rotary  converter  sub-sta¬ 
tions  in  different  parts  of  the  city,  is  taking  the  place  of  a  number 
of  small  direct  current  powrer  stations. 

The  transmission  and  distributing  system  of  a  modern  elec¬ 
tric  railway  consists  then  of  a  high  tension  three  phase  line  carry¬ 
ing  the  power  from  an  alternating  current  generating  station  to 
a  number  of  sub-stations,  transformers  for  lowering  the  voltage 
and  rotary  converters  for  changing  to  direct  current,  and  trolley 
wires,  re-enforced  by  heavy  copper  feed  wires  for  carrying  the 
600  volt  direct  current  to  the  cars.  In  cities  the  high  tension 
lines  are  usually  run  in  conduits  underground,  and  the  voltage 
is  from  five  thousand  to  ten  thousand.  For  interurban  roads, 
they  are  generally  run  on  35  foot  or  40  foot  poles  and  the  volt- 
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age  is  from  15,000  to  30,000,  according  to  the  amount  of  power 
and  the  distance  transmitted. 

generating  station. 

As  has  already  been  implied,  the  generators  of  the  modern 
electric  railway  power-station  are  alternating  current  machines 
in  many  cases.  Where  direct  current  machines  are  still  retained, 
these  are  of  much  larger  size  than  formerly.  Where  railway  gen¬ 
erators  of  200  K.  W.  capacity  were  once  thought  to  be  very 
large,  generators  of  almost  3,000  K.  W.  are  now  in  use.  Instead 
of  being  belted,  such  generators  even  in  comparatively  small 
sizes  are  now  mounted  directly  on  the  shaft  of  the  engines  so 
that  each  engine  with  its  generator  forms  a  compact  unit.  Alter¬ 
nating  current  generators  for  railway  service  have  been  made  of 
even  larger  size  than  this,  eleven  machines  of  5,000  K.  W.,  each 
having  been  installed  by  a  single  railway  company  in  New  York 
(Manhattan). 

Alternating  current  generators,  too  have  undergone  changes, 
and  instead  of  revolving  armature  machines,  those  of  the  revolv¬ 
ing  field  type  are  being  manufactured  almost  exclusively. 

The  introduction  of  the  steam  turbine  as  a  prime  mover  has 
also  caused  fui  ther  changes.  This  has  as  yet  been  little  used  with 
direct  current  generators  for  railway  service,  but  has  found 
great  favor  in  connection  with  alternating  current  machines. 
Generators  for  a  given  output,  intended  to  be  driven  by  steam 
turbines  are  much  smaller  and  run  at  much  higher  speeds  than 
those  designed  to  be  driven  by  slow  speed  engines  of  the  ordinary 
types. 

On  account  of  the  increased  outputs  of  the  generators,  the 
various  switches  and  other  devices  used  for  controlling  and 
measuring  these  outputs  have  been  enlarged  and  improved.  In 
many  cases  mechanically  operated  switches  are  now  used  in¬ 
stead  of  the  ordinary  hand  operated  types.  The  switchboards 
on  which  the  various  instruments  are  mounted  are  made  of 
marble  or  slate  instead  of  wood,  and  every  effort  is  made  to 
keep  the  amount  of  inflammable  material  in  the  power  station 
•down  to  a  minimum. 
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SUMMARY. 

In  conclusion, '  then,  modern  electric  railway  practice  is  to¬ 
ward  the  use  of  larger  and  heavier  cars  than  formerly.  These 
are  propelled  by  electric  motors  of  the  series  type,  hung  from  the 
axles  of  the  cars  and  connected  to  them  by  single  reduction  gear¬ 
ing.  Either  two  or  four  motors  are  used  per  car  and  speed  regu¬ 
lation  is  obtained  bv  series-parallel  controllers. 

The  cars  obtain  power  in  the  form  of  direct  current  at  600 
volts,  from  a  trolley  suspended  over  the  track,  which  trolley  is 
re-enforced  by  heavy  feed  wires  parallel  to  it.  Trolley  and  feed¬ 
ers  connect  usually  to  rotary  converter  sub-stations  from  five  to 
fifteen  miles  apart. 

The  sub-stations  derive  their  power  from  an  alternating 
current  generating  station  by  means  of  one  or  more  three  phase 
high  tension  lines.  And  finally  the  power  is  generated  in  a 
practically  fire-proof  station,  by  large  generators  coupled  direct 
to  engine  or  turbine. 
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THE  PHIPPS  POWER  BUILDING. 

BY  GERALD  E.  FLANAGAN. 

The  primary  object  which  led  to  the  construction  of  the  Phipps 
Power  Building  was  the  furnishing  of  power  in  various  forms, 
from  a  central  station,  to  a  group  of  buildings  closely  adjacent  to 
it  upon  the  property  of  the  owner,  some  of  these  buildings  being 
already  in  existence,  others  in  the  nature  of  projects  to  be  carried 
out  in  the  future.  A  plot  of  ground  one  hundred  feet  square 
fronting  on  Cecil  alley,  between  Penn  avenue  and  Duquesne  way, 
was  set  aside  for  the  purposes  of  a  power  building,  and  the  de¬ 
signers  of  the  structure  prepared  the  pians  accordingly.  This  plot 
lies  in  a  fairly  central  position  with  regard  to  the  properties  it  is 
immediately  designed  to  serve,  being  bounded  upon  three  sides  In- 
ground  upon  which  it  is  the  intention  to  erect  structures  that  will 
utilize  the  power  which  the  present  installation  is  capable  of  sup¬ 
plying  ;  and,  since  this  machinery  has  been  constructed  upon  a 
liberal  scale,  looking  well  towards  the  possibilities  of  future  de¬ 
mands,  the  troublesome  question  of  power  service  has  been  re¬ 
moved  once  for  all  from  any  improvements  to  be  carried  out  bv 
the  same  interests  in  this  vicinity.  The  advantages  of  such  a  cen¬ 
tral  plant  will  be  at  once  appreciated  without  need  of  referring  to 
them  in  detail ;  conspicuous  among  them,  however,  being  the  fact 
that  the  basements  of  all  other  buildings  are  left  free  to  be  used 
for  other  purposes ;  and  the  concentration  of  power  under  one 
managment  results  in  the  installation  of  a  more  efficient  type  of 
machinery,  and  a  marked  reduction  in  the  number  of  high-priced 
attendants.  The  new  office  structure,  known  as  the  Bessemer 
Building,  now  being  supplied  with  light,  heat  and  power  from 
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this  center,  is  the  forerunner  of  others  which  are  soon  to  follow, 
and,  in  this  paper,  any  mention  of  service  to  the  Bessemer  Build¬ 
ing  implies  like  service  to  any  others  upon  the  Phipps  property. 

building. 

The  building  in  which  the  power  generating  machinery  is 
housed  is,  as  above  noted,  one  hundred  feet  square  and  is  ten  sto¬ 
ries  in  height,  of  heavy  steel  frame  and  brick  curtain  walls  with 
Indiana  limestone  trimmings.  It  rests  upon  a  massive  concrete 
foundation,  which,  in  turn,  is  carried  down  to  a  solid  footing 
upon  a  bed  of  gravel.  It  is  built  to  the  property  line  on  Cecil  al¬ 
ley,  but  is  located  a  distance  of  four  feet  from  the  adjoining  prop¬ 
erty  on  the  side  towards  Penn  avenue,  while  the  other  two  sides 
face  the  property  of  the  owner,  and  it  is  the  intention  to  maintain 
a  space  of  twelve  feet  between  them  and  any  buildings  to  be  erected 
in  the  future ;  thus  giving  light  and  air  on  all  four  sides.  There 
are  large  windows  on  all  sides  which  are  protected  by  rolling  steel 
shutters.  The  machinery  and  boiler  floors  are  formed  of  concrete, 
between  the  steel  beams  and  over  them,  while  throughout  the  rest 
of  the  building  the  steel  is  covered  with  hollow  fireproofing  tile, 
around  the  columns  and  arched  between  the  floor  beams.  These 
floors  are  then  surfaced  with  concrete  over  the  fireproofing.  In  a 
similar  manner,  the  roof  beams  are  covered  with  fireproofing  tile 
and  concrete,  then  with  heavy  tar  paper,  and  surfaced  with  Welsh 
tile.  This  does  not  mean  a  steep-pitched  roof  with  overlapping 
tile.  The  tile  are  of  a  hard  burned  clay,  such  as  is  used  for  vitri¬ 
fied  sewer  pipe,  and  they  are  laid  upon  the  tar  paper  with  flush 
joints  filled  with  waterproof  material,  and  the  slope  of  the  roof  is 
not  greater  than  what  is  required  to  shed  water,  or  about  one- 
quarter  of  an  inch  per  foot. 

The  first  three  stories  are  twenty-four  feet  from  floor  to  floor, 
and  are  occupied  entirely  by  boilers  and  machinery ;  the  remainder 
are  thirteen  feet  in  height,  and  are  suitable  for  light  manufactur¬ 
ing;  an  ample  supply  of  power  in  various  forms  being  imme¬ 
diately  available.  There  are  two  roomy  passenger  elevators,  each 
of  a  capacity  of  three  thousand  pounds  live  load,  and  one  large 
freight  elevator  of  ten  thousand  pounds  live  load  capacity.  The 
stairway  is  entirely  of  iron  and  steel ;  the  treads  and  landings 
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being  of  cast  iron  plates  of  diamond  pattern.  The  first,  or  engine 
room,  floor  is  nearly  six  feet  above  the  sidewalk,  being  so  located 
as  to  be  safely  above  the  highest  recorded  flood  stage,  making  it 
about  33  feet  6- in.  above  pool  stage  of  the  Allegheny  river,  and  the 
building  is  so  constructed  that  even  with  the  highest  water  there 
are  no  openings  through  which  it  can  flow  into  the  basement.  As 
an  additional  safeguard,  the  generator  foundations  are  so  con¬ 
structed  that  even  if  the  basement  was  filled  with  water  none  of 
it  could  find  access  to  these  machines.  The  basement  floor  is 
twenty  feet  six  inches  below  the  engine  room  floor,  and  is  formed 
of  four  feet  of  concrete  over  the  entire  surface  placed  directly 
upon  the  gravel.  From  this  base  rise  the  outer  walls  carrying  the 
exterior  columns,  and  in  the  center  a  mass  of  concrete  forming 
foundations  for  the  large  engines  and  heavy  interior  columns  sup¬ 
porting  the  coal  bin  and  the  boiler  and  manufacturing  floors. 
This  foundation  is  continuous  from  the  front  to  the  back  wall, 
and  divides  the  basement  into  two  parts,  except  that  it  is  pierced 
both  lengthwise  and  transversely  with  large  tunnels  permitting 
free  communication,  and  serving  as  conduits  through  which  the 
necessary  piping  'may  be  carried.  The  flooring  over  these  side 
basements  is  constructed  entirely  free  from  the  framework  of  the 
building,  and  consists  of  twenty-four-inch  one  hundred-pound  I 
beams,  spaced  about  three  feet  three  inches  centers,  filled  in  with 
concrete  and  covered  with  twenty-four  inches  of  the  same,  making 
a  floor  four  feet  in  thickness.  On  the  side  under  the  elevator 
pumps  this  depth  is  increased  to  five  feet,  by  the  addition  of  an¬ 
other  foot  of  concrete.  This  was  done  to  avoid  any  possible  vi¬ 
bration  due  to  the  operation  of  these  pumps.  'Hie  second  and 
third  floors  extend  only  along  the  sides  of  the  building  of  suffi¬ 
cient  width  to  carry  the  boilers,  except  that  they  connect  bv  gal¬ 
leries  at  each  end.  The  center  space  is  thus  left  open  to  the  l>ot- 
tom  of  the  coal  bin,  which  occupies  the  center  of  the  fourth  and 
fifth  floors. 

ARRANGEMENT  OF  MACHINERY. 

The  arrangement  of  the  machinery  will  be  understood  by  ref¬ 
erence  to  the  illustrations.  On  the  first  floor,  in  the  center,  are 
the  two  large  engines  direct  connected  to  alternating  generators, 
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with  provision  for  installing  a  third  unit  at  a  future  time.  To  the 
left  of  these  are  two  elevator  pressure  pumps,  also  with  a  place  for 
a  third  when  required.  On  the  right  are  located  two  small  en¬ 
gines  direct  connected  to  direct  current  generators  which  serve 
to  excite  the  large  alternators.  In  this  room  is  also  located  the 
switchboard,  with  ample  space  both  in  front  and  behind,  giving 
free  access  to  every  part ;  the  rear  side  is  in  strong  davlight  for 
its  entire  length. 

At  the  rear  of  this  room  appears  the  steam  end  of  the  vertical 
pumps  which  draw  the  general  water  supply  from  the  river,  the 
base  of  these  pumps  being  at  a  level  of  six  feet  six  inches  below 
the  basement  door ;  and  beneath  this  level  again  is  a  small  sump 
into  v  hich  all  leakage  in  the  basement  collects  and  is  pumped  into 
the  river.  The  remainder  of  the  basement  is  taken  up  by  the 
boiler  feed  pumps,  of  which  there  are  two  in  place  with  room  for 
a  third ;  feed  water  heater  with  space  for  a  second  one,  softening 
apparatus  for  feed  water,  exhaust  muffler  and  grease  separator, 
return  water  tank  and  small  receivers  and  pumps  for  various 
drains.  In  the  basement  on  the  other  side  of  the  building  are  lo¬ 
cated  the  accumulators,  a  large  air  tank  for  cushion  on  the  return 
line  to  the  elevator  pumps,  and  a  pump  at  the  artesian  well  which 
supplies  the  drinking  water.  In  a  small  intermediate  basement 
m  front  of  the  engine  foundations  are  located  the  filters  for  the 
boiler  feed  purifying  system. 

On  the  second  floor  of  the  building  are  located  the  boilers, 
and  the  third  floor  is  arranged  so  as  to  be  finally  used  for  the 
same  purpose ;  thus  doubling  the  present  capacity.  Above  the 
level  of  the  third  floor  boilers  is  the  coal  bin. 

DESCRIPTION  OF  MACHINERY. 

The  engines  are  of  the  verticle  type  Westinghouse-Corliss 
cross  compound  with  reheating  receiver  ;  the  cylinders  are  28 
inches  and  46  inches  by  48  inches.  Both  the  guides  and  the  main 
bearings  are  water  cooled.  The  fly-wheels  are  19  feet  in  diame¬ 
ter,  and  weigh  about  200,000  pounds  each.  They  are  gray  iron 
wheels,  made  in  four  segments  of  40,000  pounds  each,  the  hub  also 
weighing  40,000  pounds. 
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These  engines  are  direct  connected  to  1000  K.  \V.  A.  C.  3 
phase,  rotary  held.  Westinghouse  generators ;  they  are  8o-pole 
machines,  running  at  90  revolutions,  giving  7200  alternations. 

Over  the  engines  and  generators  is  a  25-ton  electric  travel¬ 
ing  crane,  built  by  Pawling  &  Harnishfeger,  and  there  is  a  sunken 
way  in  the  engine  room  floor  which  permits  the  entry  of  wagons 
at  the  street  level  to  a  point  commanded  bv  the  crane,  thus  facili¬ 
tating  the  delivery  or  removal  of  machinery,  etc.  When  not  in 
use  this  space  is  covered  by  a  movable  floor. 

There  are  two  Laidlaw  Dunn  Gordon  special  elevator  pump¬ 
ing  engines  of  the  three-cylinder  compound  horizontal  pattern, 
2iJ-inch  high  pressure  cylinders,  and  two  28-in.  low  pressure  cyl¬ 
inders,  with  reheating  receivers ;  the  plungers  being  b^-in.  diame¬ 
ter,  and  the  stroke  24-in.  These  machines  deliver  water  against 
a  pressure  of  850  pounds,  the  capacity  being  700  gallons  per 
minute. 

Water  is  supplied  by  two  vertical  tandem-compound  duplex 
Wilson-Snyder  pumps  with  cylinders  18-in.  and  30-in., 
plungers  by  30-in.  stroke,  which  draw  water  from  the  Allegheny 
river  and  deliver  it  against  a  pressure  of  150  pounds,  to  be  used 
for  all  purposes  except  drinking,  including  fire  service. 

Two  12-in.  by  T2-in.  Harrisburg  engines  are  direct  connected 
to  60  K.  W.  Westinghouse  direct  current  generators.  These  are 
used  for  exciting  the  fields  of  the  large  alternators,  and  for  other 
purposes  for  which  direct  current  may  be  required.  If  at  any 
time  the  demand  for  direct  current  should  exceed  the  capacitv  of 
these  machines  other  units  can  be  installed,  or  rotary  transform¬ 
ers  may  be  used. 

The  boiler  feed  is  furnished  by  two  Wilson-Snyder  com¬ 
pound  duplex  pumps  with  cylinders  8-in.  and  14-in.  on  the  steam 
end,  and  7-in.  water  cylinders  by  18-in.  stroke. 

The  elevators,  both  freight  and  passenger,  were  built  by  the 
Otis  Elevator  Company,  and  are  of  their  most  approved  pattern 
of  high  pressure  machines,  operating  with  850  pounds  hydraulic 
pressure.  They  are  supplied  with  all  up-to-date  devices  for  oper¬ 
ating  and  for  safetv. 

O' 

The  accumulators  were  also  supplied  by  the  Otis  Companv. 
They  have  plungers  12-in.  diameter  by  12  feet  stroke,  and  are 
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weighted  with  cast  iron  rings,  one  being  weighted  slightly  in  ex¬ 
cess  of  its  mate,  which  is  connected  to  a  chronometer  valve  on  the 
pressure  pump  by  means  of  wire  rope,  in  such  a  manner  that  the 
motion  of  the  accumulator  plunger  starts  and  stops  the  pump. 
The  second  accumulator  being  more  lightly  loaded,  will  be  the 
first  to  rise  and  the  last  to  fall.  They  are  arranged,  however,  so 
that  if  from  any  cause  one  of  them  be  put  out  of  commission,  the 
other  may  be  quickly  connected  to  either  of  the  pumps.  These 
machines  have  automatic  stop  valves  which  throttle  the  water, 
and  so  bring  the  moving  mass  of  iron  quietly  to  rest  at  each  end 
of  its  travel. 

The  switchboard  is  7  feet  6  inches  high  and  30  feet  4 
inches  long.  It  has  one  panel  for  direct  current,  three  for  the  al¬ 
ternating  generators,  and  six  distributing  panels.  It  is  of  blue 
Vermont  marble  mounted  upon  an  iron  frame,  and  is  equipped 
with  improved  forms  of  all  instruments  necessary  for  the  control  . 
of  large  currents.  The  lead-covered  cables  from  the  generators 
to  the  switchboard  are  taken  in  conduits  under  the  floor.  These 
conduits  are  so  covered  that  they  are  not  visible,  and  cause  no  in¬ 
terruption  to  the  continuity  of  the  floor;  but  they  can  be  opened 
without  serious  difficulty  should  occasion  arise.  The  cables  go 
from  the  board  down  through  the  floor  to  the  basement,  and 
thence  through  the  tunnel  to  the  Bessemer  Building. 

The  Scaife  system  of  treating  tanks  and  filters  is  used  for 
purifying  the  water  before  it  enters  the  boilers.  This  apparatus 
consists  of  two  solution  tanks  provided  with  small  pumps  for 
forcing  the  solutions  into  the  precipitating  tanks,  of  which  there 
are  also  two.  These  latter  are  closed  tanks,  being  required  to 
withstand  an  internal  pressure  of  two  hundred  pounds.  Through 
these  tanks  the  water  travels  very  slowly,  the  bulk  of  the  impuri¬ 
ties  settling  to  the  bottom  during  its  passage.  From  here  the 
water  goes  to  the  filters,  of  which  there  are  four,  also  of  the  closed 
tank  pattern  :  the  pressure,  of  course,  being  the  same  as  in  other 
parts  of  the  feed  water  system. 

In  addition  to  the  more  important  apparatus  above  mentioned, 
there  are  a  number  of  small  pumps  used  in  the  daily  operation  of 
the  plant.  There  is  a  pump  for  discharging  the  water  from  the 
basement  sump ;  another  for  taking  the  water  from  an  open  tank 
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in  which  the  returns  from  various  lines  are  collected ;  a  receiver 
and  pump  which  takes  all  drips  from  steam  separators  and  high- 
pressure  lines ;  and  a  small  receiver  and  pump  which  takes  the 
greasy  drips  from  the  feed  water  heater  and  the  grease  separator. 

The  feed  water  heater  is  of  the  closed  rectangular  pattern 
made  by  the  Pittsburgh  Heater  Company.  There  is  also  an  air 
compressor  for  supplying  air  to  the  cushions  on  the  hydraulic  sys¬ 
tem  ;  and  oil  filters  and  pumps  for  the  lubricating  system. 

Coal  is  delivered  at  the  two  large  receiving  doors  on  Cecil 
alley,  and  falls  through  heavy  cast  iron  gratings  into  hoppers  be¬ 
neath.  From  there  it  is  raised  by  two  elevators,  designed  by 
Heyl  &  Patterson,  to  belt  conveyors  which  traverse  the  entire 
length  of  the  coal  bin.  Moving  trippers  travel  the  full  length  of 
the  conveyors  and  distribute  the  coal  evenly  along  on  both  sides. 

The  coal  bin  is  of  heavy  steel  plate  stiffened  with  I  beams : 
it  is  lined  with  cement  plaster  upon  wire  netting,  the  bottom  being 
built  into  hopper  forms  from  each  pipe  opening  by  hollow  tile 
such  as  is  used  for  fireproofing.  Twelve  pipes,  each  12  inches  in 
diameter,  lead  directly  to  the  stokers  at  the  boilers,  and  other  open¬ 
ings  are  in  the  plates  ready  for  the  second  floor  of  boilers. 

The  present  installation  consists  of  twelve  boilers  of  the  Bab- 
cock  and  Wilcox  water  tube  type,  aggregating  3,600  horse  power 
rated  capacity.  Each  boiler  consists  of  140  4-in.  by  18  foot  water 
tubes,  and  two  36-in.  by  18  foot  drums.  They  are  built  two  in  each 
battery,  and  furnished  with  Babcock  and  Wilcox  chain  grate 
stoker,  this  construction  giving  free  access  to  one  side  of  each 
stoker.  The  furnace  gases  discharge  directly  in  the  rear  of  the 
boilers ;  those  from  each  boiler  into  a  separate  vertical  flue  pro¬ 
vided  with  a  damper  which  swings  open  of  its  own  weight,  and  is 
held  in  the  desired  position  to  check  the  flow  of  gases  by  a  chain. 
The  vertical  hues  are  15-in.  bv  10  feet,  and  rise  directly  to  a  4- 
foot  by  io-foot  horizontal  flue.  They  have  expansion  joints  about 
the  center  of  their  length. 

The  horizontal  flues  each  have  two  expansion  joints,  and  are 
suspended  from  the  girders  above  in  such  a  manner  as  to  admit 
of  the  requisite  motion  in  the  direction  of  their  length.  They  are 
provided  with  numerous  cleaning  doors. 
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There  are  separate  stacks  for  the  boilers  on  each  side  of  the 
building.  The  stack  proper  rests  upon  heavy  girders,  but  be¬ 
tween  it  and  the  horizontal  flue  is  a  short  section  or  sub-base 
which  connects  to  the  stack  through  an  expansion  joint.  This 
sub-base  rests  directly  over  an  opening  in  the  upper  side  of  the 
horizontal  flue,  and  is  also  joined  to  it  by  a  large  connecting  flue 
at  an  angle  of  about  45  degrees  to  provide  a  free  sweep  for  the 
gases  as  they  change  from  a  horizontal  to  a  vertical  direction. 

The  stack  is  11  feet  inside  diameter,  and  rises  to  a  height  of 
200  feet  above  the  grate  bars.  It  is  built  of  f-in.  steel  plates, 
except  the  bottom  ring  and  the  rings  where  it  is  stayed  to  the 
building  at  the  roof,  which  are  -J-in.  There  are  four  substantial 
brackets  at  the  base  which  rest  upon  the  steel  work  of  the  building, 
and  the  top  is  stiffened  by  a  ring  made  of  two  6-in.  by  6-in.  by 
J-in.  angles,  and  below  this  a  ring  made  of  Z  bar  for  carrying 
slings  for  painting.  A  ladder  extends  from  the  roof  to  the  top 
of  the  stack.  The  stacks  are  not  lined.  Around  the  11-foot 
stacks  are  tile  wall  inclosures  13  feet  square,  permitting  the  in¬ 
tervening  spaces  to  serve  as  ventilating  shafts  for  the  engine  and 
boiler  floors. 

THE  PIPING  SYSTEM. 

The  piping  system  is  never  the  least  important  part  of  a 
power  plant,  and  in  this  instance  it  really  constitutes  itself  a  lead¬ 
ing  feature. 

Water  Supply  and  Boiler  Feed. — On  the  bank  of  the  Alle¬ 
gheny  river  is  a  massive  concrete  block  which  forms  the  intake 
for  the  water  supply,  and  from  this  point  two  16-in.  cast  iron  bell 
and  spigot  pipes  lead  to  the  supply  pumps  in  the  Power  Building. 
This  intake  has  been  built  to  conform  to  the  harbor  line  of  the 
river,  and  for  this  reason  it  is  scarcely  visible  to  casual  observers. 
The  inner  end  appears,  when  the  water  is  at  pool  stage,  but  it  is 
flush  with  the  surface  of  the  wharf  and  covered  with  a  heavy  cast 
iron  plating.  The  screen,  the  tops  of  which  are  below  the  water 
even  at  pool  stage,  are  formed  of  angle  bar  frames  with  bronze 
wire  netting,  and  are  dropped  into  slots  formed  in  the  concrete. 
In  front  of  the  screens  is  a  grating  made  of  round  wrought  iron 
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bars  2i-in.  in  diameter ;  these  are  dropped  into  sockets  in  massive 
cast  iron  beams  and  may  be  removed  singly. 

Discharging  into  the  river  at  a  point  below  the  intake  is  pri¬ 
vate  sewer  from  the  Power  Building,  made  of  io-in.  bell  and 
spigot  pipe. 

At  the  supply  pumps  the  system  of  valves  is  such  that  each 
of  the  pumps  may  draw  from  either,  or  both,  of  the  intake  pipes, 
and  also  that  the  pumps  may  discharge  into  either  of  the  intake 
pipes  while  drawing  water  through  the  other  one,  for  the  pur¬ 
pose  of  blowing  out  any  sediment  which  may  collect  in  them. 
From  the  discharge  side  of  the  pumps  a  16-in.  main  leads  to  the 
various  properties,  a  6-in.  branch  being  taken  off  to  supply  the 
general  needs  of  the  Power  Building,  while  a  io-in.  line  leads  to 
the  boiler  feed  pumps.  From  the  feed  pumps  an  8-in.  line  goes 
to  the  feed  water  heater,  and  from  there  a  6-in.  line  takes  the  hot 
water  to  the  purifying  system,  and  then  reaches  the  boilers 
through  various  smaller  branches.  Valves  are  arranged  so  as  to 
by-pass  the  heater,  treating  tanks  and  any  one  or  all  of  the  filters, 
so  that  the  plant  is  operative  with  these  devices  entirely  out  of 
commission.  The  feed  water  mains  are  of  wrought  iron,  and  the 
smaller  branches  at  the  boilers  are  of  brass.  Near  the  feed  water 
heater  is  a  nickle-seated  water  relief  valve  set  at  220  pounds. 

Steam  Pipes. — Steam  from  the  boilers  is  collected  in  14-in. 
headers  on  either  side  of  the  building,  and  these  are  connected  at 
one  end.  From  both  headers  io-in.  lines  lead  to  the  separators  at 
each  of  the  large  engines,  so  that  each  engine  may  draw  steam 
from  any  or  all  of  the  boilers. 

Exhaust  Steam  Pipes.  Exhaust  steam  leaves  these  en¬ 
gines  through  18- in.  pipes  which  are  collected  into  a  24-in.  line 
and  finally  into  a  30-in.  main  and  stack,  which  terminates  in  a 
large  exhaust  head  above  the  roof  of  the  building.  Since  ex¬ 
haust  steam  is  to  be  used  for  heating  during  a  greater  part  of  the 
year  there  is  a  30-in.  back  pressure  valve  located  in  the  horizontal 
main  :  and  behind  this  valve  are  collected  branch  lines  from  all 
the  steam-using  machinerv,  but  arranged  in  such  a  wav  that  while 
the  smaller  machinery  is  working  under  back  pressure  the  main 
engines  may  exhaust  freely  to  the  atmosphere,  and  by  operating 
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the  proper  valves  the  exhaust  from  these  engines  may  also  be 
forced  into  the  steam  heating  mains. 

Waste  Steam. — The  steam  wasted  through  the  safety  valves 
is  collected  into  two  8-in.  mains  which  in  turn  discharge  into  the 
30-in.  stack.  The  branches  enter  these  mains  at  an  angle  of  45 
degrees  to  permit  an  easy  flow  of  steam. 

Bailey  Blow-Offs. — From  the  boilers  on  each  side  of  the 
building  the  blow-offs  collect  into  short  4-in.  mains,  and  these  in 
turn  join  and  form  two  5-in.  lines  which  discharge  into  the  pri¬ 
vate  sewer.  A  branch  from  the  filter  blow-offs  also  leads  into 
one  of  these  5-in.  lines. 

Hydraulic  Lines. — The  elevator  pressure  pumps  discharge 
into  8-in.  pipes,  and  these  lead  into  a  10-in.  main  from  which 
branches  are  taken  to  the  pressure  side  of  the  machines.  A  6-in. 
branch  is  also  taken  to  the  accumulators,  and  on  this  branch  is 
located  a  large  air  chamber  fitted  with  a  valve  to  prevent  the  air 
from  escaping  should  the  pressure  in  the  line  fall  from  any  cause. 
The  return  water  from  the  elevator  cylinders  comes  back  to  the 
Power  Building  through  a  14-in.  bell  and  spigot  pipe  and  goes  di¬ 
rectly  to  the  suction  side  of  the  pumps,  the  portion  of  the  line 
within  the  building  being  of  galvanized  steel  pipe.  There  is  a 
large  air  tank  on  this  line  to  cushion  the  shock  of  the  moving 
body  of  water.  A  6-in.  branch  from  this  line  goes  directly  to  a 
wooden  tank  above  the  roof  of  the  Power  Building.  This  tank 
acts  as  a  reservoir,  and  its  altitude  is  sufficient  to  maintain  a  press¬ 
ure  of  about  75  pounds  against  which  the  machines  must  dis¬ 
charge.  The  object  of  this  arrangement  is  to  guard  against  the 
possibility  of  the  cylinders  emptying  themselves,  as  they  are 
placed  vertically  and  contain  a  column  of  water  of  much  greater 
height  than  the  atmosphere  would  support.  The  large  operating 
valves  of  the  elevators  are  moved  by  cylinders  operated  by  small 
pilot  valves,  and  these  small  valves  take  water  from  the  75-pound 
line  and  discharge  it  at  atmospheric  pressure.  This  water  returns 
to  the  open  tank  and  is  saved,  as  it  is  of  value,  having  been  pre¬ 
viously  treated  and  filtered. 

Return  Water  Lines. — A  small  amount  of  live  steam  is  used 
in  the  office  buildings  for  heating  water,  and  the  condensation 
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from  this  is  returned  to  the  open  tank,  as  is  also  that  of  the  ex¬ 
haust  steam  from  the  heating  system  and  the  discharge  from  the 
elevator  pilot  valves.  The  water  from  this  tank  is  pumped 
through  a  4-in.  pipe  to  the  tank  above  the  roof,  replacing  the  loss 
in  the  hydraulic  system.  When  the  roof  tank  is  full,  a  float  op¬ 
erated  stop  valve  closes,  and  the  pressure  rises  sufficiently  to  force 
a  check  valve  in  a  branch  line  leading  to  the  feed  water  system, 
entering  it  behind  the  heating  and  purifying  apparatus. 

The  clean  drips  from  steam  separators,  etc.,  are  pumped  di¬ 
rectly  into  the  feed  pump  discharge,  and  the  oily  drips  from  the 
grease  separator  and  condensation  in  the  feed  water  heater  are 
pumped  into  the  elevator  pump  suction  line. 

Piping  Details. — With  the  exception  of  the  high  pressure  hy¬ 
draulic  lines  all  valves  and  pipe  fittings  of  a  given  size  in  this 
building  are  interchangeable,  from  the  smallest  size  up  to  fourteen 
inches,  this  being  the  largest  size  used  for  any  purpose  other  than 
exhaust  steam  and  a  few  fittings  directly  connected  to  the  main 
supply  pumps.  At  these  pumps  there  are  some  16-in.  valves  and 
a  number  of  special  16-in.  fittings.  For  exhaust  steam  there  are 
valves  and  fittings  18-in.,  20-in.,  24-in.  and  30-in.  The  result  is 
that  any  valve  or  fitting  can  be  used  in  any  part  of  the  plant  pro 
vided  it  is  the  proper  size.  Aside  from  the  hydraulic  lines,  all 
valves  and  fittings  are  plain  faced,  the  flanges  above  6-in.  being 
rolled  steel,  the  fittings  cast  iron.  All  flanges  and  fittings  have 
machined  surfaces  for  bolt-heads  and  nuts,  and  the  under  sides  of 
bolt-heads  and  nuts  are  faced.  The  bolts  are  made  from  refined 
wrought  iron.  All  bolt  holes  are  drilled,  the  number  of  holes 
being  four  in  the  small  sizes  and  some  multiple  of  four  for  the 
larger  ones.  The  cast  iron  flanges  are  threaded  in  the  usual  way, 
and  the  rolled  steel  ones  have  grooves  into  which  the  pipe  is 
pened.  The  pipe  hangers  are  entirely  of  forged  steel,  and  are 
of  a  very  substantial  character ;  they  are  provided  with  turn 
buckles  for  adjusting  the  length. 

The  flanges  and  fittings  on  the  hydraulic  lines  are  of  a  tvpe 
especially  designed  for  this  plant.  The  flanges  are  screwed  to 
the  pipe,  and  are  then  turned  in  the  lathe  in  such  a  manner  as  to 
leave  the  pipe  and  a  portion  of  the  flange  immediately  surround- 
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i ng  it  projecting  a  considerable  distance  from  the  face.  This  pro¬ 
jecting  portion  is  slightly  curved  on  its  face,  the  highest  part  oc¬ 
curring  on  the  pipe  itself,  and  between  these  pipe  ends  the  heavy 
copper  gasket  is  compressed.  It  will  be  seen  that  there  are  no 
male  and  female  joints  in  this  system;  all  flanges  of  a  given  size 
are  alike,  a  corresponding  projection  being  formed  upon  the  fit¬ 
ting.  All  the  fittings  are  steel  castings,  the  flanges  being  of 
forged  steel.  The  elbows  are  of  long  sweep  pattern  and  the  tees 
are  strengthened  with  heavy  ribs.  In  order  that  the  gasket  may 
center  itself  readily,  its  outside  diameter  is  made  equal  to  the  in¬ 
side  diameter  of  the  bolt  circle.  A  few  of  the  bolts  are  put  in 
place  and  the  gasket  slipped  in  between  the  flanges,  the  remainder 
of  the  bolts  are  then  inserted  and  the  joint  tightened. 

The  Power  Building  requires  to  be  supplied  with  coal,  and 
this  done,  it  is  able  to  return  power  in  various  forms,  such  as 
electric  current,  alternating  and  direct-;  steam  at  one  hundred 
and  fifty  pounds,  or  any  lower  pressure ;  water  at  one  hundred 
and  fifty  pounds,  or  at  eight  hundred  and  fifty,  and  compressed 
air.  At  present  these  lines  are  taken  through  an  underground 
conduit  to  the  Bessemer  Building.  In  the  future,  the  ground 
through  which  this  conduit  runs  will  be  covered  with  tall  build¬ 
ings,  and  the  pipes  will  then  appear  in  the  basement  of  one  or 
more  of  them,  being  already  provided  with  branches  from  which 
lines  may  be  taken  to  supply  the  buildings  through  which  they 
pass. 
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Plan  of  Engine  Room. 
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General  Arrangement  of  Flues. 
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Details  of  Stack 
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Fig.  5.  Plan  of  Piping  in  Basement. 
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Elevations  of  Piping  in  Basement. 
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Arrangement  of  Piping  at  Boilers 


PAPER  T.Y  GERALD  F.  FLANAGAN. 


389 


Steam  Piping  from  Lower  Tier  of  Boilers. 
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Steam  Piping  in  Engine  Room  and  Basement. 
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Fig.  io.  Front  View  of  Engines  and  Generators. 
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Fig.  ii.  View  of  Engine  from  Low  Pressure  Side, 


PAPER  BY  GERALD  F.  FLANAGAN 


393 


/ 


Fig.  12.  The  Elevator  Pressure  Pumps. 
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Fig.  13.  Front  of  Switchboard. 
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Fig.  14.  View  from  Above  the  Engines — Low  Pressure  Side. 
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Fig.  15.  View  from  Above  the  Engines — High  Pressure  Side. 
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Fig.  16.  Arches  and  Girders  Under  the  Coal  Bin. 
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THIS  SOCIETY  DOES  HOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  UEHBERS 


The  two  hundred  and  forty-seventh  regular  monthly  meeting 
of  the  Engineers'  Society  of  Western  Pennsylvania  was  held  at 
the  Society’s  house,  410  Penn  avenue,  Pittsburg,  Pa.,  Tuesday 
evening,  September  20,  1904,  at  8:15  P.  M.  President  J.  M. 
Camp  in  the  chair.  Fifty  members  and  visitors  were  present. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  reported  that  they  had  approved  the 
following  applications  for  membership  and  presented  same  to  the 
Society  for  action. 


NAME.  OCCUPATION  AND  ADDRESS. 


ENDORSED  BY. 


F.  D.  BEFFUM,  -  Chief  Draftsman, 

for  Monongahela  Mfg.  Co., 
h.,  308  -1th  Ave.,  Monongahela,  Pa. 

WM.  SHERMAN  GIBSON,  Division  Engineer, 

Pittsburg  Coal  Co. 
h.,  Belle  Vernon,  Fayette  Co.,  Pa. 


f  W.  H.  Bailey, 
j  Win.  Allen, 

(j.  M.  Camp. 

f  A.  W.  Patton, 

\  E.  J  Taylor 

(.  G.  W.  Schellenberg. 


(  F.  W.  Brown, 

JAS.  G.  HEMPSTEAD,  -  Supt.  Bolt  Factories,  -  I  Chester  B.  Albree, 

Oliver  Iron  &  Steel  Co.,  Pittaburg,  Pa.  (  Willis  Whited, 
h.,  23  Redmond  St.,  Crafton.  Pa. 


It  was  moved,  seconded,  and  carried  that  the  Secretary  cast 
a  ballot  electing  these  applicants  to  membership. 

The  Secretary  then  read  the  report  of  the  Committee  ap¬ 
pointed  to  draw  up  resolutions  on  the  death  of  Mr.  Selwyn  M. 
Taylor,  as  follows: 


SELWYN  MELLON  TAYLOR. 

Selwyn  Mellon  Taylor  was  born  in  Allegheny,  on  November 
5,  1862.  His  parents  were  C.  C.  Taylor  and  Eliabeth  (Gamble) 
Taylor.  Mr.  Taylor's  education  was  begun  in  and  continued 
through  the  ward  schools,  and,  when  about  13  years  of  age,  he 
entered  the  Pittsburg  High  School,  where  he  remained  four  years, 
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leaving  it  to  begin  a  practical  training  in  engineering,  which  final¬ 
ly  led  to  his  adoption  of  that  profession  as  his  life’s  work. 

Shortly  after  leaving  school  he  entered  the  employ  of  R.  L. 
McCully,  civil  mining  engineer,  and  so  thoroughly  did  he  enter 
into  his  work  and  master  its  details  that  in  about  three  years  he 
was  made  a  member  of  the  firm,  in  full  charge  of  its  mining  work. 
He  continued  as  such  until  October,  1891,  when  he  opened  an 
office  of  his  own. 

His  strong  personality,  keen  perception  and  devotion  to  his 
work  brought  about  him  a  clientele  large  in  number  and  great  in 
scope,  and  through  it  he  undoubtedly  had  more  to  do  with  the 
successful  development  of  the  bituminous  coal  business  in  Western 
Pennsylvania,  while  connected  with  it,  than  any  other  individual. 

After  devoting  his  talents  to  others,  throughout  a  profes¬ 
sional  career  full  of  danger  and  hardship,  during  the  greater  part 
of  which  his  services  were  not  fully  appreciated  nor  recompensed, 
he  decided  to  engage  those  talents  more  to  his  personal  advan¬ 
tage,  with  the  result  that  in  1900  he,  with  a  few  of  his  friends, 
formed  the  Midland  Coal  Company.  In  connection  with  that 
company,  and  for  the  purpose  of  the  better  development  of  its 
mining  properties,  he  located,  financed  and  built  the  Western 
Washington  Railroad.  The  strong  position  in  which  he  placed 
this  dual  enterprise  made  it  a  very  attractive  investment  for  a 
very  strong  competitor,  with  the  result  that  the  property  passed 
into  the  control  of  the  latter  upon  terms  highly  satisfactory 
to  him  and  to  his  associates. 

This  transaction  being  completed,  he  immediately  entered 
into  another  business  venture,  the  National  Coal  and  Coke  Com¬ 
pany,  which  enterprise  bid  fair  to  outstrip,  in  its  magnitude  and 
success,  anything  he  had  yet  attempted.  He  had  scarcely  laid  the 
ground  work  in  this,  however,  when  came  the  ill-fated  day  that 
claimed  him  to  his  tragic  death. 

Being  apprised  by  telephone  of  the  terrible  explosion  on 
January  25,  1904,  at  Harwick  mine,  a  property  with  which  at  its 
inception  he  had  been  connected  as  its  consulting  engineer,  he  re¬ 
paired  to  the  scene  of  the  accident  immediately,  prepared  to  give 
all  assistance  in  his  power  for  the  relief  of  the  victims  of  the  acci¬ 
dent.  Upon  his  arrival,  there  being  no  representative  of  the. 


REGULAR  MEETING. 


405 


State  Mine  Inspectors  on  the  ground  at  that  time,  he  was  at  once 
put  forward  as,  and  without  hesitation  assumed  the  responsibility 
of  the  leader  in  that  terror-stricken  crowd  of  willing  men.  At 
once  he  made  such  repairs  to  the  hoisting  apparatus  as  was  nec¬ 
essary  to  make  the  descent  into  the  mine  possible,  and  with  a 
companion,  was  let  down  the  shaft  upon  what  proved  to  be  his 
last  journey  in  life. 

At  the  bottom  of  the  shaft  he  found,  and  sent  up  to  daylight, 
the  only  survivor  of  the  one  hundred  and  seventy-five  men  who 
were  in  the  mine  at  the  time  of  the  accident.  The  air  conditions 
there  seemed  to  give  him  great  hopes  of  his  ability  to  save  others, 
and  he  pressed  forward  in  his  eagerness  to  do  so.  He  progressed 
about  700  feet  from  the  bottom  of  the  shaft,  when  he  was  so  over¬ 
come  by  the  foul  gases  of  the  mine  that  he  lost  consciousness,  and 
it  is  thought  that  death  came  quickly  to  him.  His  was  a  noble 
deed,  born  in  the  sympathy  of  his  great  heart ;  the  last  act  in  a 
life  filled  with  generous  impulses  and  quiet  benefactions. 

He  was  married  in  1891  to  Mrs.  Mary  Nolan,  formerly  Miss 
Mary  Zinn,  who  survives  him. 

He  was  elected  a  member  of  this  Society  on  March  15,  1892. 
He  was  Chairman  of  the  House  Committee  in  1897,  and  a  mem¬ 
ber  of  the  Program  Committee  in  1899.  He  was  a  member  of 
the  Board  of  Directors  at  the  time  of  his  death,  having  been  elected 
in  1903. 

During  his  membership  in  the  Society  he  always  evinced 
much  interest  in  its  welfare,  and  was  one  of  its  staunchest  sup¬ 
porters.  He  contributed  to  its  proceedings  by  a  paper  entitled, 
“Waste  of  Coal  in  Mining,”  which  was  read  before  the  Society, 
September  20,  1894.  He  was,  also,  a  member  of  the  American 
Society  of  Civil  Engineers. 

In  1886  he  framed  that  portion  of  the  annual  report  of  the 
Geological  Survey  of  Pennsylvania,  referring  to  the  mining  meth¬ 
ods  in  the  bituminous  coal  in  the  State.  From  1889,  by  appoint¬ 
ment  of  the  Governor  of  the  State,  he  served  for  four  years  on 
the  Board  of  Examiners  for  Bituminous  Mine  Inspectors. 

In  closing  this  brief  history  of  his  life  we  desire  to  empha¬ 
size  the  fact  that  in  his  death  this  community  has  lost  one  of  its 
best  and  most  honored  citizens ;  that  the  engineering  profession 
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has  lost  one  of  its  most  brilliant  members,  and  that  his  member¬ 
ship  in  this  Society  has  wrought  great  honor  to  it. 

It  was  moved,  seconded,  and  carried  that  the  report  of  the 
Committee  be  accepted  with  thanks,  a  copy  of  the  resolutions  sent 
to  Mrs.  Taylor  and  that  they  be  published  in  the  Proceedings. 

President — There  being  no  further  business  we  will  now 
listen  to  the  paper  of  the  evening. 

(Paper  was  printed  in  advance  in  August  Proceedings,  see 
pages  371-398). 

DISCUSSION. 

President — It  is  easily  within  the  remembrance  of  a  great 
many  of  the  members  present  when  the  office  buildings  obtained 
their  power  entirely  from  the  city  water  supply.  Later  on,  the 
more  enlightened  owners,  in  order  to  save  trouble  and  cost,  added 
their  own  boilers  and  pumps  to  run  elevators.  Then  came  the 
electric  and  the  refrigerating  plant,  until  the  modern  office  build¬ 
ing  became  a  city  in  itself.  Now  we  come  to  the  next  step;  the 
power  building  which  has  been  so  delightfully  described  and 
which  is  open  for  discussion. 

Mr.  Samuel  Diescher — While  the  foundations  were  being 
built  I  looked  at  the  concrete  work,  because  it  was  so  remarkably 
coarse,  and  I  inquired  what  proportion  of  mixture  they  had  in 
there,  and  was  informed  that  they  used  one  part  of  cement,  three 
of  sand,  and  as  much  as  ten  parts  of  gravel,  and  in  some  others 
I  think  they  have  eight  parts  of  gravel.  Have  they  not  some 
trouble  there  during  high  water  and  does  it  not  get  through  the 
concrete  ?  I  should  think  that  would  drown  them,  unless  they 
pump  the  water  out  as  quickly  as  it  comes  in. 

Mr.  G.  E.  Flanagan — They  do  undertake  to  pump  the 
water  out  as  quickly  as  it  comes  in,  and  so  far  they  have  been  able 
to  do  that.  It  only  comes  in  when  they  have  thirty-five  feet,  or 
something  like  ihat,  in  the  river.  They  then  get  a  high  pressure 
of  water  saturating  the  ground  around  the  concrete.  The  water 
has  got  to  force  its  way  through  a  very  great  thickness  of  walk 
or  through  a  very  thick  floor,  and  up  to  date  it  has  not  been  able 
to  do  so  any  faster  than  that  small  pump  has  been  able  to  pump 
it  out  again  through  the  private  sewer  into  the  river. 
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Mr.  Diescher — The  concrete  in  the  foundation  must  Ik*  of 
a  better  mixture  than  in  the  arches,  for  I  remember  one  rainy  day, 
the  water  came  through  the  arches  almost  as  fast  as  it  fell. 

Mr.  Flanagan — It  has  already  had  a  good  test  for  high 
water. 

Mr.  Lewis — W  hat  is  the  greatest  test  you  have  had? 

Mr.  Flanagan — Well,  I  don’t  know  what  the  highest  stage 
of  water  was  last  winter.  Whatever  the  highest  stage  of  water 
was  last  winter  it  withstood  successfully.  The  plant  was  in  course 
of  construction  then,  and  we  haxl  to  build  brick  walls  up  in  front 
of  the  opening  in  Cecil  alley  to  keep  it  from  flowing  into  the 
cellar,  because  the  concrete  wall  was  not  complete  at  that  time. 
At  present  it  can  flow  in  and  fill  the  coal  hoppers  when  at  high 
flood  stage  and  flow  into  the  base  of  the  freight  elevator  hatchway, 
but  unless  it  gets  higher  than  any  recorded  flood  stage,  it  can't 
flow  up  as  high  as  the  floor  and  can’t  get  into  .the  building  unless  it 
seeps  through  the  concrete  and  a  certain  amount  will  certainly 
do  that,  but  probably  not  more  freely  than  the  small  pump  will 
take  care  of. 

Mr.  Diescher — It  appears  tc  me  that  the  feature  of  having 
all  flanges  made  alike,  that  is  to  say,  that  they  have  neither  raised 
nor  recessed  faces  is  a  very  good  one,  because  it  guards  against 
mistakes  in  fitting  them  on,  for  it  may  happen  that  inadvertently 
a  flange  is  put  on  the  wrong  end  of  a  bent  pipe,  in  which  instance 
there  would  ensue  trouble,  whereas  if  all  flanges  are  alike,  such  a 
possibility  is  excluded. 

Mr.  Emery — Of  what  material  are  the  gaskets  for  the  hy¬ 
draulic  lines  ? 

Mr.  Flanagan — Copper,  smooth  copper. 

.  .Mr.  Diescuf.r — How  thick  is  that  copper? 

Mr.  Flanagan — About  one-eighth  of  an  inch. 

Mr.  Emery — How  much  clearance  is  there  in  the  bolt  hole 
in  those  flanges? 

Mr.  Flanagan — In  nearly  all  sizes  the  drills  are  one-eighth 
of  an  inch  larger  than  the  bolts. 

Mr.  Emery — Isn’t  that  clearance  going  to  allow  those  flanges 
to  overlap  enough  to  throw  the  two  rounded  surfaces  out  of  line  ? 

Mr.  Flanagan — There  is  a  possibility  of  that  to  the  extent 
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of  an  eighth  of  an  inch,  but  it  will  not  occur  if  they  are  put  to¬ 
gether  properly. 

Mr.  Diescher — If  there  is  an  eighth  of  an  inch  play  around 
the  bolts  at  the  time  of  putting  them  together,  they  might  shift. 
Isn’t  that  very  risky? 

Mr.  Flanagan — Yes,  they  might  shift  a  trifle  if  connected 
carelessly. 

Mr.  Diescher — There  ought  to  be  something  there  to  pre¬ 
vent  that  shifting. 

Mr.  Flanagan — Well,  up  to  date  it  has  shown  itself  very 
perfect  joint.  Of  course  it  is  a  new  joint  and  you  can  readily  see 
that  it  has  some  advantages.  (Explains  with  sketch  at  black¬ 
board.) 

Mr.  Knowles — Is  that  joint  used  only  on  the  850-lb.  water 
line,  or  also  on  steam  lines? 

Mr.  Flanagan — Only  on  850-lb.  water  line.  Not  at  all  on 
the  steam  lines,  which  are  all  made  with  ordinary  gaskets — no 
male  and  female  joints. 

President — Cast  iron  flanges,  Mr.  Flanagan? 

Mr.  Flanagan — On  the  hydraulic  lines  all  flanges  are 
forged  steel  with  cast  steel  fittings  and  wrought  iron  pipe.  The 
pipe  is  threaded  in  the  flanges  and  then  pened  in  afterwards  to  fill 
the  threads.  On  all  other  lines,  flanges  above  six  inches  are  also 
forged  steel. 

Mr.  Lewis — It  appears  to  me  that  the  real  strength  of  the 
joint  is  in  the  small  dove-tail  formed  in  the  inner  edge  of  the 
gasket  by  the  projecting  rounded  ends  of  the  pipe. 

Mr.  Flanac-an — Yes,  and  it  is  squeezed  between  the  pipe 
ends. 

Mr.  Winters — Would  not  that  also  to  some  extent  prevent 
the  lateral  displacement  with  reference  to  that  one  pipe  there? 

Mr.  Flanagan — Yes,  undoubtedly. 

Mr.  Winters — So  that  if  you  exercise  reasonable  care  in  get¬ 
ting  the  pipes  in  line,  the  pressure  in  drawing  them  together  would 
cause  the  pressure  of  the  gasket  to  act  to  some  extent  in  holding 
the  pipes  in  line. 
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Mr.  Knowles — In  what  manner  is  the  exhaust  steam  util¬ 
ized  for  heating  purposes?  Directly  in  the  steam  heating  system 
or  for  heating  water  ? 

Mr.  Flanagan — Directly  in  the  steam  heating  system. 
They  just  bring  exhaust  steam  to  the  office  building  and  then 
the  architect  or  contractor  deals  with  it  in  the  usual  way. 

Mr.  Knowles — What  is  done  with  that  waste  steam  heat 
when  the  buildings  are  not  heated  ? 

Mr.  Flanagan — Then  it  goes  to  waste;  for  instance 
throughout  the  summer,  but  there  is  more  or  less  demand  for  heat 
in  these  office  buildings  through  the  greater  part  of  the  year. 

Mr.  Newbury — Is  there  no  condenser? 

Mr.  Fla  nag  a  n — N  o . 

President — Do  they  suck  the  steam  through  or  depend  on 
the  back  pressure  to  force  it  through  ? 

Mr.  Flanagan — The  back  pressure  will  force*  it  through. 
The  plant  is  arranged  so  that  it  is  operative  at  as  much  as  five 
pounds  back  pressure. 

President — Will  that  much  back  pressure  be  sufficient  to 
supply  all  the  offices  in  all  the  buildings  it  is  purposed  to  erect? 

Mr.  Flanagan — They  calculate  that  five  pounds  pressure 
will  send  the  steam  a  great  distance,  and  through  a  great  many 
small  radiators.  There  are  plants  working  at  a  considerable  dis¬ 
tance  that  do  not  work  up  to  more  than  two  and  a  half  or  three 
pounds.  I  do  not  imagine  they  have  used  anything  like  five 
pounds  pressure  yet  on  this. 

Mr.  Newbury — That  would  be  a  great  loss  of  steam  in  the 
summer  months. 

Mr.  Flanagan — Well,  it  is  a  loss  during  the  summer  months, 
but  the  loss  then  was  held  to  be  more  than  off-set  bv  the  saving 
in  the  condensing  plant,  inasmuch  as  we  can  use  the  greater  part 
of  the  steam. 

Mr.  Newbury — Do  you  use  the  steam  for  heating  all  the 
rooms  ? 

Mr.  Flanagan — Yes. 

Mr.  Stucki — I  understand  the  stacks  are  not  lined. 

Mr.  Flanagan — They  are  not. 
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Mr.  Stuckj — Da  you  not  fear  that  the  life  will  be  compara¬ 
tively  short?  I  have  heard  parties  who  used  plain  stacks  say 
they  would  not  use  them  again. 

Mr.  Flanagan — I  can  only  say  that  the  question  of  lining 
was  taken  up  and  very  well  considered,  and  the  conclusion  arrived 
at  was  to  omit  the  lining,  and  that  was  after  comparing  notes 
with  a  number  of  people  who  ought  to  know,  and  who  concluded 
that  the  lining  was  of  less  use  to  the  stack,  than  it  was  a  detriment 
to  the  building  to  put  that  mass  of  brick  work  up  there ;  that  it 
did  comparatively  little  good  to  the  stack.  They  will  last  nearly 
as  long  without  the  lining  a*s  with  it.  The  stacks  were  made  fairly 
heavy,  about  three-eighth  inch  plates  where  there  was  no  absolute 
occasion  for  this  thickness  except  to  render  them  durable. 

Mr.  Yafdley — Have  you  any  idea  how  long  you  expect  them 
to  last  ? 

Mr.  Flanagan — Personally  I  don't  know. 

Mr.  Yardlf.y — Well,  did  they  make  a  calculation?  That 
must  have  entered  into  it.  They  supposed  the  thing  was  going 
to  wear  out? 

Mr.  Flanagan — I  can't  say  that  I  know  any  number  of  years 
assigned  as  the  limit.  Engineers  connected  with  boiler  plants 
and  work  of  that  class  seemed  to  consider  that  the  life  of  the 
stacks  would  be  so  long  it  was  hardly  worth  discussing  it. 

Mr.  Yardley — It  may  be  here  in  this  climate,  but  where  there 
is  salt  air  stacks  go  to  pieces  pretty  fast. 

Mr.  Flanagan — If  the  upper  portion  of  the  stack  where  ex¬ 
posed  to  atmosphere  does  show  signs  of  failing,  there  is  no  great 
difficulty  in  restoring  it.  There  seems  to  be  a  concensus  of  opin¬ 
ion  that  there  is  no  great  danger  of  needing  new  stacks  on  that 
building  while  most  of  us  present  are  living  to  look  at  it. 

Mr.  Diescher — In  the  sectional  view  of  the  building  it  is 
shown  that  the  stacks  pass  through  seven  stories  of  rooms.  Is 
not  the  heat  from  the  stacks,  particularly  during  the  summer,  such 
that  the  rooms  next  to  them  are  practically  useless  ? 

Mr.  Flanagan — Those  floors  are  for  the  most  part  large 
open  floors,  very  little  sub-division  taking  place  in  them,  and  the 
stacks,  as  noted  in  the  paper,  are  1 1  feet  in  diameter  and  are  sur¬ 
rounded  by  an  enclosure  thirteen  feet  square,  built  of  hollow  fire- 
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proofing-  tile,  which  is  intended  to  act  as  a  non-conductor  of  heat 
and  hold  back  the  bulk  of  it  against  the  stack.  There  is  between 
the  stacks  and  the  wall  a  space  for  the  free  circulation  of  air. 

Mr.  Emery — Is  there  any  opening  in  the  base  of  that  enclos¬ 
ure  surrounding  the  stack  ? 

Mr.  Flanagan — It  is  open  free  to  the  engine  room  and  clear 
up  to  the  roof.  That  rectangular  space  is  open  entirely  around  the 
stack,  causing  a  strong  draft  of  air.  As  noted  in  the  paper  the 
space  in  question  was  designedly  arranged  as  a  ventilating  shaft 
for  the  engine  and  boiler  floors,  and  anyone  standing  on  the  roof 
near  the  opening  will  feel  convinced  that  it  is  in  active  operation. 

Mr.  Lewis — Then  the  stack  hood  would  cover  the  opening? 

Mr.  Flanagan — Well,  there  is  practically  no  hood  on  it. 
There  is  merely  a  little  circular  apron  to  shed  the  worst  of  the  rain 
and  that  is  at  a  considerable  height  above  the  roof,  so  that  it  does 
not  interfere  in  any  sense  with  the  passage  of  the  warm  air. 

Mr.  Knowles — I  have  listened  to  this  paper  with  pleasure, 
and  believe  that  Mr.  Flanagan  is  to  be  commended  for  present¬ 
ing  in  such  a  clear-cut  way  so  much  of  this  unique  information. 
Several  things  have  come  to  mind  in  listening  to  him  about  which 
I  would  like  to  ask  some  questions.  The  problem  of  the  stack 
has  been  brought  up.  and  it  does  seem  to  most  of  us  to  be  a  new 
development ;  as  we  have  thought  all  along,  at  least  I  have 
thought,  that  the  life  of  steel  stacks  is  quite  short ;  furthermore, 
they  are  not  so  likely  to  give  satisfaction  in  regard,  to  draft  if  not 
lined,  and  it  is  a  question  whether  they  are  not  more  expensive 
than  some  other  types  of  hollow  tile  chimneys. 

The  joints  on  this  pipe  also  present  some  interesting  features 
and  it  would  be  very  interesting  to  know  whether  that  joint  as 
shown  is  an  advantage  compared  with  the  usual  type  of  having  the 
copper  gaskets  of  the  same  diameter  as  the  flanges  with  holes 
through  them,  and  not  have  such  a  large  space  between  the  faces 
of  the  flanges  which,  possibly  together  with  a  clearance  of  an 
eighth  of  an  inch  may  allow  this  copper  gasket  to  become  not 
concentric.  At  least  one  of  the  pipe  flanges  may  move  the  dis¬ 
tance  of  an  eighth  of  an  inch. 

As  Mr.  Flanagan  was  reading  the  first  of  the  paper,  the 
thought  occurred  to  the  speaker  as  to  whether  that  floor  was  de- 
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signed  to  withstand  the  extreme  high  water  pressure  and  be  held 
tight  at  its  extreme  flood,  32  feet  I  think.  Perhaps  it  is  meant 
that  the  water  would  seep  through  and  this  equalize  the  pressure. 

In  regard  to  the  pipe  upon  this  work,  Mr.  Flanagan  mentions 
wrought  iron,  and  I  would  like  to  have  an  expression  of  opinion 
as  to  whether  they  did  intentionally  use  wrought  iron,  and  why. 
I  notice  in  one  case  galvanized  steel  was  mentioned ;  there  was 
probably  some  reason  and  it  would  be  of  interest  to  know  that. 
Tn  regard  to  the  boiler,  however,  the  stokers  particularly  interest 
me ;  what  they  accomplish,  etc.  The  thickness  of  the  fire  which 
they  run  and  whether  that  thickness  was  uniform  is  also  of  in¬ 
terest,  then,  is  there  any  way  to  allow  a  circulation  of  air  at  the 
back  of  the  fire  near  the  bridge  wall,  or  is  there  a  deflector  there  ? 

I  should  take  it  from  Mr.  Flanagan's  statements  that  there  is 
a  provision  for  using  one  of  the  in-take  pumps  for  the  supply  for 
the  building  to  pump  back  through  one  of  the  lines.  Is  it  ex¬ 
pected  that  the  lines  may  become  filled  with  sand  and  thus  be¬ 
come  stopped  up  ?  Has  that  been  done  at  all  during  the  last  flood, 
and  is  the  method  of  pumping  back  entirely  successful  ? 

The  fact  that  no  condensers  are  used  is  of  interest  and  possi¬ 
bly  in  this  place  where  coal  is  so  cheap,  it  does  prove  to  be  the 
best,  but  it  certainly  is  an  unique  departure  that  there  should  be 
such  a  vast  amount  of  steam  wasted  in  all  but  cold  weather;  there 
is  undoubtedly  trouble  in  using  condensed  steam  from  the  units 
over  again.  Can  Mr.  Flanagan  tell  us  whether  those  grease  traps 
are  successful? 

The  only  other  thing  that  occurred  to  me  is  what  is  the  ve¬ 
locity  for  which  these  steam  lines  are  designed  ? 

Mr.  Flanagan — I  think  I  had  better  get  a  list  of  those  ques~ 
tions.  We  consider  that  for  the  span  of  that  floor,  it  will  stand  it 
as  an  inverted  concrete  arch,  if  you  refer  to  the  upward  thrust  of 
the  water.  The  span  is  in  the  neighborhood  of  21  feet.  The 
columns  are  32  feet  eight  inches  centers,  and  the  spread  of  those 
walls  on  one  side  would  be  from  the  center  of  the  column  four 
feet  nine  inches,  on  the  other  side  six  feet  three  inches ;  the  sum 
of  these  taken  from  32  feet  would  leave  you  the  span  of  the  arch 
forming  the  floor.  Answering  a  question  which  has  been  asked 
to-night,  I  may  say  thefe  is  no  steel  reinforcement,  nothing  but 
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concrete.  Now  we  go  backwards  to  another  question.  We  con¬ 
sidered  that  wrought  iron  would  withstand  the  effects  of  corosion 
much  better  than  steel,  and  especially  in  the  warm  water  line, 
where  we  did  not  want  to  be  liberal  enough  to  put  in  the  brass, 
we  stipulated  and  took  care  to  get  wrought  iron. 

Mr.  Knowles — How  can  you  be  sure  to  obtain  wrought  iron 
in  this  district? 

Mr.  Fla^gan — Well,  we  have  to  trust  something  to  the 
manufacturers.  I  believe  it  is  possible  to  get  wrought  iron  pipe 
from  people  who  do  not  make  steel.  I  feel  safe  in  that.  I  don’t 
mean  to  lay  stress  on  that  being  galvanized  steel,  but  simply  that 
the  pipe  laid  in  the  ground  returning  from  the  Bessemer  build¬ 
ing  was  cast  iron,  and  the  short  length  of  that  main  inside  the 
building  was  all  lap-welded  pipe,  galvanized  inside  and  out. 

Mr.  Diesciier — Do  you  have  any  trouble  with  the  pumps  ? 

Mr.  Flanagan — No.  We  used  the  blow  back  in  starting  to 
clear  out  those  in-take  lines,  and  I  have  not  heard  that  tliev  have 
had  any  occasion  to  use  it  since. 

Mr.  Knowles — How  close  is  the  screen  mesh  on  the  end  of 
the  in-take  ? 

Mr.  Flanagan — The  screens  are  of  5/32"  bronze  wire, 
7/8"  mesh.  The  screens  are  double,  one  behind  the  other,  and 
can  readily  be  removed  and  cleansed. 

Mr.  Diescher — If  you  got  the  screen  clogged  with  high 
water,  how  would  you  get  it? 

Mr.  Flanagan — The  screens  are  very  large  and  very  am¬ 
ple,  and  if  by  far  the  greater  part  of  both  screens  were  covered 
they  would  still  draw  sufficient  water  to  run  the  plant.  In  addi  • 
tion  to  the  holes  in  the  screen,  the  cover  plates  over  the  in-take  are 
provided  with  slots  about  3/8"  wide  by  3"  or  4"  long  giving  an 
aggregate  area  nearly  equal  to  that  of  one  of  the  pipes. 

Mr.  Knowles  —  In  case  you  use  that  16"  line  only,  for 
the  large  supply  of  the  building,  will  the  velocity  of  that  line  be 
enough  to  scour  all  of  the  material  which  comes  into  the  inlet  of 
that  line  straight  through  into  the  building,  or  will  it  lodge  in  the 
pipe? 

Mr.  Flanagan — We  do  not  think,  that  for  many  years,  those 
16"  pipes  will  be  taxed  to  their  capacity,  so  that  for  the  present 
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at  least,  and  probably  for  a  long  time  to  come,  the  velocity  in  the 
pipes  will  be  very  low,  and  the  sediment  can  deposit  in  them 
and  then  the  provision  for  blowing  them  out  will  come  into  play. 

President — If  your  maximum  in  the  flow-in  won't  move  the 
sediment  inward,  I  can't  see  how  the  maximum  outflow  will  move 
it  outward. 

Mr.  Flanagan — No,  but  we  can  blow  it  out  at  150  pounds 
pressure.  In  that  16''  pipe  we  can  turn  the  discharge  of  one 
pump  into  the  suction  side  of  the  other  a-nd  blow  150  pounds  press¬ 
ure  through  it.  The  ordinary  pressure  is  sufficient  to  force  the 
water  to  the  top  of  the  Bessemer  building.  In  this  in-take  pump 
the  out-let  is,  I  think,  14"  diameter  on  the  discharge  side  which 
may  be  blown  back  into  the  16"  line  at  a  pressure  of  150  pounds. 
Possibly  it  might  exceed  that,  but  that  is  the  rated  working  press¬ 
ure  of  the  pump. 

About  the  stoker,  I  believe  that  those  chain-grate  stokers  give 
their  best  service  when  they  are  not  forced  above  their  capacity, 
and  when  you  can  keep  a  rather  heavy  fire  on  and  not  burn  it  too 
fast,  so  that  you  have  a  thick  bed  of  fuel  on  the  grate. 

Mr.  Knowles — Still,  a  heavy  bed  of  fire  left  so  that  air  will 
not  get  through  freely. 

Mr.  Flanagan — Well,  they  claim  that  air  does  get  through, 
and  that  is  the  greatest  claim  the  opponents  of  the  chain-grate 
make  against  it.  I  think  a  bed  of  fire  six  or  eight  inches  thick 
can  be  maintained,  and  it  is  largely  the  fault  of  the  attendant  if 
good  results  are  not  obtained. 

Mr.  Emery — Can’t  you  raise  the  temperature  of  any  draft 
that  does  get  in  there? 

Mr.  Flanagan — I  don’t  know  that  I  clearly  understand  the 
question. 

Mr.  Emery — I  have  seen  some  fire  boxes  built  with  a  shield 
practically  the  same  as  a  brick  arch  in  a  locomotive,  which  takes 
the  cold  air  when  it  comes  in  through  the  thin  fire  at  the  front  and 
passes  it  back  over  the  hottest  part  of  the  fire  before  it  can  enter 
the  flues. 

Mr.  Flanagan — There  is  nothing  of  that  nature  in  these 
furnaces. 
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Mr.  Emery — That  has  been  followed  out  quite  extensively 
in  steam  locomotive  construction.  Where  there  is  a  direct  draft 
into  the  flues,  they  put  a  brick  arch  across  the  fire-box  about  the 
middle,  extending  to  within  a  few  inches  of  the  flue  sheet. 

Mr.  Knowles — What  is  the  price  of  that  joint  compared 
with  the  ordinary  flange  joint? 

Mr.  Flanagan — I  cannot  tell  you  the  price  of  anything  con¬ 
nected  with  the  building. 

Mr.  Emery — What  is  the  advantage  of  placing  a  copper  gas¬ 
ket  1/8"  thick  in  there?  A  copper  gasket  in  that  style  of  joint 
requires  to  be  stiff  and  reasonably  strong.  Wouldn't  it  be 
stronger  if  thinner? 

Mr.  Flanagan — It  would  not.  You  want  it  so  that  it  will 
maintain  its  shape  while  handling.  One-eighth  of  an  inch  on 
those  large  10"  lines  is  not  a  verv  thick  gasket  under  those  con- 
ditions. 

Mr.  Diescitek — If  the  copper  is  thick  and  soft  and  it  is  com¬ 
pressed,  the  ridge  of  the  flanges  will  enter  deeper  than  if  it  is 
shallow  or  thin. 

Mr.  ScHATZ--In  deciding  the  size  of  units  that  are  installed 
for  electrical  purposes,  I  would  like  to  know  in  what  way  they 
reached  the  conclusion  to  put  in  1,500  horse  power  units.  I 
should  surmise  that  these  engines  are  operating  very  uneconom- 
ically  since  there  does  not  seem  to  be  very  much  load  for  them. 

A I  r.  Flanagan — The  plant  is  aimed  at  a  little  distance  into 
the  future  in  every  respect.  The  expectation  is  that  it  won't  be 
a  great  way  into  the  future  before  there  will  be  a  number  of  build¬ 
ings  of  the  character  and  capacity  of  the  Bessemer  building,  or 
probably  of  much  greater  capacity  there  to  draw  light,  heat  and 
power  from  the  central  plant,  and  I  believe  the  work  is  even  going 
on  now. 

Mr.  Newbury — Do  I  understand  there  are  two  water  sys¬ 
tems.  one  at  high  and  one  at  low  pressure? 

Mr.  Flanagan — There  is  a  general  water  supply  for  all  pur¬ 
poses  except  drinking,  that  is  for  lavatories  and  boiler  rooms,  and 
the  general  circulating  system  at  150  pounds.  The  hydraulic  sys¬ 
tem  which  does  nothing  except  operate  the  hydraulic  elevators — 
the  pressure  side  of  that  system  is  850  pounds.  On  the  discharge 
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side  it  is  between  75  and  80  pounds.  That  is,  the  elevator  cylin¬ 
ders  exhaust  against  a  back-pressure  of  almost  80  pounds.  Then 
there  are  the  large  valves  which  operate  the  cylinders  of  the  ele¬ 
vators,  and  which,  in  turn,  are  operated  bv  smaller  valves  which 
draw  the  water  from  the  8o-pound  line,  and  the  discharge  from 
those  valves  is  at  atmospheric  pressure  into  an  open  tank.  It  is 
then  pumped  up  into  the  open  tank  on  the  roof,  and  finally  comes 
back  into  the  elevator  line,  because  the  elevator  pumps  draw  their 
suction  partly  from  the  roof  tank.  That  is  the  surplus.  When 
the  water  comes  back  from  the  elevator  cvlinders  faster  than  the 
pumps  are  taking  it,  the  surplus  goes  up  into  the  tank  on  the  roof. 
Then  when  the  pumps  are  taking  water  faster  than  it  goes  back 
to  the  suction  line,  thev  draw  water  from  that  roof  tank.  So  you 
have  three  water  pressures,  the  general  water  supply,  150  pounds, 
the  hydraulic  water  line,  high  pressure  850  pounds,  and  the  re¬ 
turn  from  the  cylinders,  80  pounds ;  then,  in  addition  to  that,  you 
have  the  drinking  water  from  the  artesian  well. 

Mr.  Sciiatz — Mr.  President,  Mr.  Flanagan  has  not  made 
that  matter  clear  about  the  units.  It  seems  to  me  the  night  loads 
are  very  small  when  taking  into  consideration  the  large  units,  and 
it  further  seems  that  it  would  take  a  great  many  buildings  the 
size  of  the  Bessemer  office  building  to  make  a  fair  night  load  for 
these  1,500  H.  P.  units,  and  I  should  think  it  would  be  rather  ex¬ 
pensive  operation. 

Mr.  Flanagan — I  would  have  to  answer  that  by  my  guess 
regarding  it,  as  I  did  not  determine  the  units.  But  I  think  the 
idea  prevailing  with  the  owner  of  that  property  is  what  we  have 
discovered  in  rolling  mills ;  that  you  can  build  a  rolling  mill  to¬ 
day  and  if  you  don’t  build  it  a  good  deal  better  and  heavier  and 
stronger  and  more  liberal  in  every  way  than  the  circumstances 
seem  to  call  for,  in  five  years  from  now  you  will  be  antiquated. 
They  seem  to  be  looking  ahead  for  a  much  larger  call  for  light 
and  heat  from  the  power  plant  than  what  we  would  figure  on. 
In  every  way  the  building  is  made  on  that  scale.  To  provide  for 
more  than  we  think  will  be  necessary. 

Mr.  Stucki — If  I  understand  this  right,  it  is  not  a  question 
of  the  size  of  the  plant,  but  one  of  sub-division. 

Mr.  Flanagan — Well,  then,  beyond  that  the  only  thing  I  can 
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mention  is  the  desire  to  simplify  matters  by  having  the  large  units 
instead  of  a  number  of  small  ones,  and  to  produce  the  largest 
possible  output  from  the  given  floor  space.  The  night  load  is  some¬ 
thing  that  is  rapidly  increasing,  and  the  end  is  not  yet  in  sight. 
Anyone  who  doubts  this  need  only  compare  the  Pittsburg  of  the 
present  with  the  same  city  not  more  than  six  or  eight  years  ago. 
The  use  of  light  by  tenants  for  advertising  purposes  alone  is  going 
to  constitute  an  important  factor  in  the  night  load  of  the 
future.  I  really  do  not  know  as  yet  what  demand  they 
are  going  to  have  for  direct  current,  other  than  the  exciting 
of  the  fields  of  the  generators.  We  did  use  the  direct  current  for 
lighting  purposes  before  we  had  the  main  engines  in  operation. 
As  noted  in  the  paper  there  is  room  for  the  installation  of  addi¬ 
tional  steam  driven  direct  current  units,  and  also  there  is  the 
possibility  of  transforming  some  of  the  surplus  alternating  cur¬ 
rent  bv  rotarv  transformers  in  case  direct  current  is  wanted. 

•s  * 

Mr.  Knowles — Do  you  run  a  refrigerator  plant  there? 

Mr.  Flanagan — None  at  all. 

Mr.  Schatz — I  would  like  to  ask  Mr.  Flanagan  a  few  more 
questions  regarding  the  steam  used  for  heating  purposes.  Is  it 
passed  through  an  expansion  tank  after  it  leaves  the  engine  on  its 
way  to  the  buildings,  in  order  to  remove  any  water  or  oil,  and 
also  whether  live  steam  is  passed  through  an  expansion  tank  or 
through  a  reducing  pressure  valve  and  direct  into  the  heating 
mains.  I  would  also  ask  him  if  the  vacuum  system  principle  is 
used  on  returning  the  condensation  from  the  radiators.  Another 
question  is,  I  notice  there  is  very  limited  provision  made  for  fur¬ 
nishing  direct  current  for  purposes,  for  which  direct  current  is 
most  generally  used.  There  have  been,  no  doubt,  inquiries  for 
this  current.  I  understand  that  it  is  possible  to  furnish  some  di¬ 
rect  current  from  the  exciter  units,  but  in  this  way  they  are  lim¬ 
ited  and  then  it  is  not  always  good  practice  to  do  so. 

Mr.  Flanagan — It  is  easy  to  install  some  more  direct  cur¬ 
rent  machinery  there.  They  have  got  two  direct  current  genera¬ 
tors.  Of  course,  they  can  use  one  as  an  exciter,  and  they  can  use 
the  other  for  any  other  purpose  they  see  fit,  having  it  is  a  possi- 
bility  to  fall  back  on  if  anything  occurs  to  the  one  used  as  an  ex¬ 
citer.  And  if  the  demand  increases  there  is  room  for  additional 


4 1 8  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

small  units  of  that  kind.  I  don't  know  that  I  followed  the  ques¬ 
tion  regarding  the  exhaust  steam,  but  instead  of  answering  the 
question  I  can  describe  the  conditions  that  exist  there.  It  is  sim¬ 
ply  that  they  exhaust  right  from  those  engines  into  1 8-inch  pipes 
which  are  collected  very  quickly  into  a  24-inch  one,  and,  after  a 
short  travel,  into  a  30-inch  one ;  and  from  the  30-inch  line  a  20- 
inch  branch,  I  think  it  is,  now  runs  over  to  the  Bessemer  build¬ 
ing.  There  are  no  features  to  it,  except  that  there  is  an  exhaust 
muffler  and  grease  separator,  and  there  is  also  a  back  pressure 
valve  on  the  30-inch  line  to  force  as  much  of  the  steam  into  the 
steam  radiators  as  is  required  ;  that  is,  they  can  regulate  the  valve 
until  the  back  pressure  is  sufficient  to  force  it  into  the  farthest 
radiators  and  the  piping  is  arranged  so  that  only  a  part  of  the 
smaller  machinery  need  be  on  the  back  pressure  line  When  there 
is  only  a  small  part  of  the  steam  taken  for  heating,  the  bulk  of  the 
machinery  can  be  exhausting  free  to  the  atmosphere  while  some  of 
the  smaller  units  are  operating  under  the  back  pressure.  Then 
when  the  winter  sets  in  the  necessary  valves  can  be  operated  until 
all  the  steam  in  the  plant  is  behind  the  back  pressure  valve.  I  have 
forgotten  what  is  the  length  of  the  20-inch  pipe ;  I  think  it  is 
about  300  feet.  There  is  just  one  slip-joint.  There  is  no  vacuum 
system. 

Mr.  Knowles — What  is  the  velocity  of  the  steam  in  the  high 
pressure  line  and  also  in  the  heating  line? 

Mr.  Flanagan — I  think  the  velocity  would  be  about  6,000 
feet,  if  I  recall  it,  in  case  the  engines  were  running  up  anywhere 
near  their  capacity,  and  my  impression  is  it  would  be  somewhere 
around  4,000  feet  exhausting. 

Mr.  James — Mr.  President,  I  think  the  subject  here  is  of  a 
great  deal  of  interest  to  those  who  have  been  following  the  devel¬ 
opment  of  power  in  large  buildings.  The  power  building  we  have 
here  in  Pittsburg  is  not  only  a  departure  for  this  city,  but  there 
have  been  very  few  plants  of  this  kind  put  in  anywhere.  I  think 
in  following  Mr.  Flanagan's  paper  the  point  that  most  impresses 
itself  upon  one  is  the  fact  that  the  apparatus  that  has  been  put  in 
this  building  is  what  we  might  call  classical.  There  have  been 
very  few  new  things  of  a  large  nature  tried  there,  and  yet  they 
have  looked  forward  into  the  future  with  a  great  deal  of  their 
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apparatus,  and  I  think  they  were  very  wise  when  they  made  such 
large  provision  for  alternating  current  and  very  little  for  direct 
current.  Pittsburg  is  the  home  of  the  alternating  ament  indus¬ 
try ;  the  Nernst  lamp  and  the  Schupp  electric  motor  is  only  a  mat¬ 
ter  of  a  very  short  time.  The  single-phase  induction  motor  is 
now  on  the  market,  and  for  all  the  largest  power  purposes  the 
polyphase,  the  present  power,  is  very  satisfactory.  It  is  only  on 
intermittent  speed  service  that  the  direct  current  motor  is  in  de¬ 
mand,  and  then  it  requires  either  shunt-field  regulation  or  else 
resistance,  the  latter  often  very  powerful.  The  alternating  cur¬ 
rent  motor  is  susceptible  of  a  plunger  regulation,  which  gives  you 
a  much  better  control  over  it. 

It  was  moved,  seconded  and  carried  that  a  vote  of  thanks 
be  extended  to  Mr.  Flanagan  for  his  very  interesting  paper. 

Motion  to  adjourn  seconded  and  carried. 

C.  W.  Ridinger,  Secretary. 
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AN  IMPROVED  GAS  APPARATUS  * 

BY  J.  E.  BABB. 

The  drawing  and  photograph  represents  some  new  features 
of  the  Orsat  Apparatus.  In  general  design  is  quite  similar  to  it. 

For  purposes  of  making  a  greater  number  of  determinations 
and  greater  variety  cf  gases  six  absorption  tubes  are  employed, 
these  being  large  enough  to  accommodate  250  C.  C.  of  absorbent 
solution  in  each  tube.  An  explosion  tube  is  included. 


An  Improved  Gas  Apparatus. 

The  box  is  made  to  contain  besides  the  tubes  two  (2)  dry 
cell  batteries,  one  induction  coil,  and  an  oxygen  tank.  Two 
leveling  bottles,  one  for  water  to  confine  gases,  and  one  for 

*Paper  read  before  the  Chemical  lecture  at  their  September  meeting. 
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mercury  to  confine  gases  for  explosion.  I  his  necessarily  makes 
the  apparatus  large.  But  at  this  it  is  only  the  size  of  an  ordinary 
dress  suit  case. 
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The  principal  feature  of  the  apparatus  is  the  bubble  tube 
shown  in  the  cut.  It  consists  of  two  large  tubes,  back  and  front. 
The  front  tube  consists  of  a  capillary  tube  (A)  placed  inside  of 
the  large  tube,  and  connected  with  a  three  way  cock  and  at  the 
top  of  large  tube. 

In  use,  the  three  way  cock  is  engaged  only  with  the  capil¬ 
lary  tube  (A).  The  gases  then  bubble  up  through  the  absorbent 
solution.  To  turn  the  gases  back  into  measuring  burette,  the 
three  way  cock  is  engaged  with  both  the  capillary  tube  (A)  and 
exit  tube  (B).  The  gas  passes  out  through  (B),  the  solution 
rising  up  in  the  large  tube  and  capillary  tube  (A)  at  the  same 
level,  the  analysis  being  otherwise  conducted  as  in  the  Orsat. 
By  bubbling  the  gas  through  the  absorbent  solutions  in  this  man¬ 
ner,  a  more  rapid  and  complete  absorption  of  gases  is  obtained, 
and  is  superior  to  absorptions  by  contact  and  shaking,  one  pas¬ 
sage  of  the  gases  being  sufficient  for  complete  absorption. 

A  rapid  analysis  for  gases  for  gas  engine  control  can  thus 
be  made  in  12  to  15  minutes,  including  analysis  for  carbon  di¬ 
oxide,  oxygen,  carbon  monoxide,  hydrogen  and  methane,  and 
ethylene. 

The  idea  of  bubbling  the  gas  through  the  solutions  has  been 
suggested  by  many,  and  has  been  applied,  but  not  in  so  con¬ 
venient  a  manner. 
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STRUCTURAL  SECTION. 

A  meeting:  of  the  Structural  Section  of  the  Engineers’  So¬ 
ciety  of  Western  Pennsylvania  was  held  at  the  Society’s  room. 
410  Penn  Ave.,  Pittsburg,  Tuesday,  September  27,  1904. 

The  Section  was  called  to  order  at  8:30  P.  M.  by  the  chair¬ 
man,  Mr.  Frans  Engstrom,  there  being  22  members  and  visitors 
present. 

Subject  selected  for  discussion  at  the  October  meeting:  The 
Phipps’  Power  Building,  Pittsburg,  Pa. 

The  subject  for  discussion  was:  Modern  Progress  in 
Masonry  Construction. 

The  following  papers  were  read : 

‘‘Occurrence  of  our  Building  Stones.”  Bv  F.  Z.  Schellen- 
berg. 

“Mortar.”  By  Joseph  A.  Shinn. 

“Brick  Masonry.”  By  L.  C.  Weldin. 

Remarks  were  made  as  follows : 

“Foundations.”  By  Robert  A.  Cummings. 

“Testing  Concrete  and  Stone.”  By  Geo.  T.  Barnsley. 

The  remarks  of  Mr.  Barnsley  were  illustrated  with  lantern 
slides. 

The  discussion  was  participated  in  by  E.  K.  Morse,  \Y. 
Whited,  G.  E.  Flanagan  and  others. 

A  vote  of  thanks,  was  tendered  to  the  writers  and  speakers 
of  the  evening. 

On  motion  Section  adjourned  at  10:30  P.  M. 

Willis  Whited, 
Secretary  Structural  Section. 
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The  two  hundred  and  forty-eighth  regular  monthly  meet¬ 
ing  of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
at  the  Society’s  House,  410  Penn  Ave.,  Pittsburg.  Pa.,  Tuesday 
evening.  October  18th,  1904.  at  8:17  P.  M.  President  J.  M. 
Camp  in  the  chair.  Fifty-six  members  and  vis  tors  present. 

The  minutes  of  the  previous  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  report  that  they  have  approved  the 
following  applications  for  membership  and  present  same  to  the 
Society  for  action : 


NAME.  OCCUPATION  AND  ADDRESS.  ENDORSED  BV 

I  S.  M.  Kintner. 
-  '  -  P.  E.  Lincoln. 


RODGER  D.  DeWOLF, 


E.  Engineer.  -  .  * .  j 

with  W.  E.  &  M.  Co.,  I  W.  A.  Dick, 
h..  808  Rebecca  St.,  Wilkinsburg,  Pa 


WM.  E.  DICKSON,  -  Chemist, 

American  Window  ('.lass  Co.. 
Monongahela,  Pa. 


R.  L-  FRINK, 


WM.  W.  LANG, 


WM.  MEVN, 


Electrical  Engineer, 
American  Window  Glass  Co., 
h.,  Belle  Vernon,  Pa. 

Special  Representative 
W.  W.  I«awrence  &  Co., 
Pittsburg,  Pa. 


(  G.  P.  Maurv, 

'  R.  W.  Bridge. 
(  R.  Linton. 


G.  P.  Maury, 
R.  W.  Bridge, 
R.  Linton. 


)E.  J.  Moore, 

T.  E.  Doyle, 

C.  I).  Wettach. 


I  N.  C,  Wilson. 

J  W .  Landis. 
I  V.  Beut ner. 


Manager  of  Branch  Office. 

Schntte  ft  Koerting  Co.. 

601  Times  Building,  Pittsburg,  Pa 

(  A.  E.  Duckhain, 

FREDERICK  H.  MILLER,  Draughtsman,  City  Hall.  L.  E.  Vicrheller, 

h.,  2525  Mahon  St..  t  C.  A.  Finley. 
Pittsburg.  Pa. 

(  J.  L.  Klind worth, 

GEO.  NEWBURY,  -  Draughtsman,  -  G.  E.  Flanagan, 

Jones  &  Eaughlins  Steel  Works,  I  A  It.  Hoe  IT. 

S.  S.,  Pittsburg,  Pa. 
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WM.  vS.  RALSTON,  -  Salesman, 

Chaplin-Fulton  Mfg.  Co.. 
Pittsburg,  Pa. 

EI)\V.  H.  RODGERS.  American  Tin  Plate  Co., 

h.,  118  Irvine  Ave., 
Sharon,  Pa. 


G.  B.  ROSENBLATT,  -  E.  Engineer, 

Westinghouse  K.  &.  M.  Co., 
h.,  11)24  Center  Ave.,  Pittsburg.  Pa. 

JOHN  S.  SLOAN,  -  Superintendent, 

of  Coraopolis  Light  Plant, 
Coraopolis.  Pa. 


(  L.  B.  Eulton, 

{  Chas.  Worthington, 
{  A.  B.  Hine. 

j  Geo.  C.  Mora, 

-  M.  W.  Hogle, 

(  S.  B.  Ely. 

(  vS.  M.  Kintner, 

H.  I).  Janies, 

(  J.  S.  Peck. 

(  W.  M.  Judd, 

H.  D.  Lufkin, 

(  P.  A.  Young. 


f  L.  F.  W.  Hildner, 

PAUL  vS.  WHITMAN,  Assistant  Structural  Engineer,  -  F.  S.  Rice, 

Riter-Conley  Mfg.  Co.,  I  G.  H.  Sikes, 

h.,  Ingram.  Pa. 


President — I  regret  to  announce  the  death  of  one  of  our 
oldest  members,  Mr.  Arthur  Kirk,  an  account  of  whose  death 
you  have  probable  all  read  in  the  papers.  It  is  the  custom  to 
draw  up  resolutions  on  the  death  of  our  eminent  members  and 
I  will  appoint  on  that  committee,  Mr.  Samuel  Diescher,  Mr. 
Chas.  Davis,  and  Mr.  F.  Z.  Schellenherg.  It  is  also  the  duty  of 
the  President  at  the  regular  October  meeting  to  appoint  a  com¬ 
mittee  to  nominate  officers  for  the  Society  for  the  ensuing  year 
and  report  at  the  regular  November  meeting.  I  have  selected  for 
the  Nominating  Committee,  the  last  five  presidents  of  the  So¬ 
ciety,  namely.  Mr.  Scott,  as  Chairman,  Mr.  Albree,  Mr.  Fisher. 
Mr.  Bole,  and  Mr.  Lewis. 

Mr.  Phillips — Mr.  Chairman,  our  Society  stands  almost 
alone  among  the  engineering  societies,  in  not  having  its  trans¬ 
actions  in  such  shape  that  the  particular  articles  are  accessible. 
I  think  we  ought  to  have  an  alphabetical  list  printed  of  all  papers 
read  before  the  Society  since  the  beginning,  and  I  move  that  the 
Secretary  be  requested  to  provide  for  a  separate  volume  to  in¬ 
clude  an  alphabetical  list  of  our  papers :  that  is,  an  alphabetical 
index  serving  to  show  where  the  articles  can  be  found,  the  dates 
of  them,  etc.  I  also  move  that  hereafter  an  alphabetical  list  of 
each  year’s  transactions  be  printed  and  added  to  the  volume 
for  that  vear. 
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President — There  is  a  contents  sheet  printed  with  each 

volume. 

Mr.  Phillips — Yes,  but  not  an  alphabetical  list,  so  that  it 
is  very  hard  to  find  an  article  that  may  have  appeared  a  few 
years  ago.  Of  course  this  would  require  considerable  work,  but 
I  move  that  the  Secretary  be  requested  to  take  the  matter  up 
and  have  it  dene. 

President — That  would  be  a  rather  small  pamphlet.  1  would 
imagine.  Would  it  not  be  advisable  to  add  to  that  an  alpha¬ 
betical  index  of  the  authors? 

Mr.  Phillips — Yes,  it  might  be  better  to  have  the  authors’ 
names  appear  in  alphabetical  order  also.  ( )f  course  we  can  find 
the  article  more  quickly  by  either  looking  for  the  author’s  name 
or  the  subject  in  the  alphabetical  order.  These  two  could  be 
combined. 

Mr.  Diescher — If  1  understand  the  Professor  right,  there 
is  to  be  a  list  according  to  the  titles  of  the  papers  read  and  in 
the  same  volume,  a  list,  alphabetically  arranged  according  to  the 
names  of  the  authors.  That  would  Ik  proper  because  somebody 
might  remember  that  a  member  read  a  pa]>er  on  a  certain  sub¬ 
ject  without  knowing  exactly  what  the  title  of  the  paper  was. 
On  that  account,  both  should  be  alphabetically  arranged. 

Mr.  Al.bree — Mr.  President.  I  have  had  occasion  to  refer  to 
the  transactions  of  the  American  Society  of  Mechanical  Engineers, 
and  they  publish  from  time  to  time,  every  few  years,  just  such 
an  index  as  Prof.  Phillips  speaks  of,  and  they  do  it  in  a  rather 
broad  way.  For  instance,  supposing  there  are  five  paj>ers  on  the 
subject  of  Springs;  instead  of  heading  each  one  alphabetically 
with  the  particular  word  the  title  happens  to  lx^gin  with  it  is  put 
under  the  subject  of  Springs,  and  under  that  a  sub-heading  giv¬ 
ing  the  title  of  the  paper.  Then  there  is  also  the  alphalx*tical 
list.  I  think  we  might  use  that  particular  set  of  indexes  as  a 

model  to  go  bv.  because  vou  can  find  anything  you  want  verv 

•  •  •  . 

easily. 

Mr.  Phillips — The  list  should  be  as  complete  as  possible 
and  should  show  all  possible  details,  giving  a  complete  alpha¬ 
betical  arrangement  of  all  the  papers  and  discussions  that  have 
come  before  the  Society  since  it  has  been  organized  and  at  the 


428  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


same  time  the  names  of  authors,  so  that  the  articles  could  be 
found  in  the  shortest  possible  time. 

Mr.  Flanagan — Mr.  President,  this  seems  to  be  a  good 
year  for  that,  as  I  believe  it  marks  the  25th  anniversary  of  the 
Society.  That  would  be  a  land-mark  for  the  year. 

Mr.  Diescher — I  think  it  would  be  better  to  appoint  a  com¬ 
mittee.  Two  or  three  could  take  this  matter  up  and  before  it 
goes  to  the  printer,  it  should  be  brought  before  the  Society  s? 
that  if  any  changes  are  to  be  made  they  can  be  put  in. 

Mr.  Engstrom — I  am  very  much  surprised  to  hear  this  mo¬ 
tion  made  this  evening  for  the  reason  that  a  very  similar  motion 
was  up  before  the  Board  on  Saturday  evening.  I  am  very  glad 
to  hear  so  many  take  an  interest  in  it.  and  I  hope  the  motion  will 
prevail. 

Motion  carried. 

Mr.  Cummings — Before  that  paper  is  read,  I  would  like  to 
raise  a  question.  I  hold  in  my  hand  a  clipping  from  a  Pitts¬ 
burg  newspaper,  handed  to  me  on  my  return  to  Pittsburg  yester¬ 
day,  and  it  contains  one  of  the  most  scurrilous  articles  I  have 
ever  read.  Reference  is  made  to  Major  Sibert,  who  is  a  member 
of  the  Society  and  on  one  of  our  committees.  Of  that  1  have 
nothing  to  sav,  but  there  is  an  article  in  the  paper  which  refers 
to  the  filing  of  a  brief  in  the  office  of  the  Secretary  of  War, 
Washington.  You  have  doubtless  all  read  this,  therefore  it  is 
unnecessary  for  me  to  read  it  now,  but  I  want  to  direct  the  at¬ 
tention  of  the  Society  and  the  members  that  are  present  to  the 
fact  that  this  Society  has  been  drawn  into  this  unfortunate  dis¬ 
pute  in  the  fact  that  it  says  that  Major  Sibert  procured  an  in¬ 
vitation  to  read  the  address  before  the  Engineers’  Society  of 
Western  Pennsylvania,  which  he  did  at  its  meeting  on  Septem¬ 
ber  23rd,  1902.  I  think  it  would  be  well  to  know  how  he  pro¬ 
cured  that  invitation.  I  would  like  to  have  a  committee  report 
at  the  next  meeting  and  I  ask  that  you  shall  appoint  one. 

President — The  object  of  this  committee  is  to  investigate 
how  he  procured  this  invitation. 

Mr.  R.  A.  Cummings — This  brief  that  I  have  just  men¬ 
tioned,  states  that  somehow  he  procured  an  invitation  from  the 
Engineers’  Society  of  Western  Pennsylvania,  to  read  a  paper, 
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and  to  my  mind  that  conveys  a  questionable  way  of  procuring 
an  invitation  to  read  a  paper.  I  would  like  to  see  some  light 
thrown  on  this  subject.  I  think  it  needs  some  defense.  I  think 
this  Society  needs  some  defense  in  the  matter.  It  is  a  public 
question,  not  a  private  one. 

Motion  seconded  and  carried. 

.  President — I  will  appoint  on  that  committee,  Mr.  Morse. 
Mr.  Lewis,  and  Mr.  Diescher.  We  will  now  have  the  pleasure 
of  hearing-  Mr.  Pearson  on  the  “Great  Raised  Beaches.” 

Mr.  Pearson  then  delivered  a  very  interesting  lecture  on  the 
geological  formation  of  what  he  termed  the  great  raised  beaches, 
meaning  the  horizontal  indentations  or  lines  found  at  certain  ele¬ 
vations  on  sides  of  hills  and  mountains  throughout  the  Eastern 
and  Western  Hemispheres,  and  supposed  to  have  been  the  shore 
lines  of  ancient  oceans.  Pie  showed  how  these  beaches  at  cer¬ 
tain  points  in  America  correspond,  as  to  their  elevation  and  gen¬ 
eral  formation,  with  similar  beaches  in  Europe  and  Africa,  in¬ 
dicating  that  they  were  the  outer  edges  of  the  same  gigantic 
body  of  water.  By  a  series  of  systematic  deductions.  Mr.  Pear¬ 
son  endeavored  to  prove  that  the  one-time  generally  accepted 
theory  of  the  drifting  formation  of  coal  is  the  correct  one,  and 
that  the  present  prevailing  theory  that  coal  beds  are  the  result  of 
repeated  deposits,  such  as  decayed  forests,  is  a  mistaken  one. 
These  coal  deposits  according  to  Mr.  Pearson  were  formed  at 
the  time  of  ancient  floods,  and  he  also  attempted  to  prove  that 
these  floods  were  the  result  of  the  rapid  liquidation  or  melting  of 
large  glaciers  then  existing  throughout  the  greater  portion  of 
the  Northern  Hemisphere.  These  waters  carried  immense 
quantities  of  driftwood  and  other  natural  substances  into  the 
then  valleys,  or  depressions  in  the  land,  where  it  was  deposited 
and  thousands  of  years  later  found  in  a  carbonized  state,  or  a> 
coal. 

Mr.  Pearson  also  stated  that  by  the  use  of  his  system  of 
charts  (which  he  exhibited)  showing  minutely  the  location  of 
these  ancient  beaches,  he  could,  and  has,  determined  the  location 
of  large  coal  deposits,  without  ever  having  been  within  hundreds 
of  miles  of  the  actual  vicinity  of  the  coal,  and  fixed  its  Imundaries 
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to  within  a  few  feet  of  what  they  were  afterwards  found,  by 
survey,  to  be. 

Mr.  Pearson  ended  his  lecture  with  a  statement  of  his  efforts 
to  obtain  official  recognition  of  his  theory  and  having  exhausted 
all  his  own  financial  resources,  he  is  desirous  of  obtaining  as¬ 
sistance  of  the  Carnegie  Geological  Institution  at  Washington, 
D.  C\,  but  up  to  date  they  have  refused  him  a  hearing.  He  has 
been  advised  to  lay  the  matter  before  the  various  engineering 
societies  of  the  country,  and  stated  that  the  Detroit  Engineering 
Society  had  appointed  a  committee  to  assist  him  in  getting  the 
matter  before  the  Carnegie  Institute.  He  asked  that  this  society 
do  the  same. 

After  an  extended  discussion  of  the  several  points  in  Mr. 
Pearson’s  lecture,  which  was  participated  in  by  Messrs.  Camp. 
Diescher,  Schellenberg.  Flanagan,  and  others,  Mr.  Diescher  made 
a  motion  that  the  Engineers'  Society  of  Western  Pennsylvania 
join  the  Engineers'  Society  of  Detroit  in  requesting  the  Carnegie 
Institute  at  Washington,  to  give  Mr.  Pearson  a  hearing  so  that 
he  can  thoroughly  explain  his  theory  ;  which  motion  was  second¬ 
ed  and  carried. 

Charles  W.  Ridinger, 

Secretary, 
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CHEMICAL  SECTION. 

The  regular  monthly  meeting  of  the  Chemical  Section  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  Thurs¬ 
day  evening,  October  20,  1904,  with  the  Pittsburg  Section  of  the 
American  Chemical  Society,  at  the  Society’s  Home,  410  Penn 
Ave.,  Pittsburg,  Pa. 

Chairman  Walters  presided. 

The  Committee  for  the  Nomination  of  Officers  of  the  Societx 
for  1905  was  appointed  as  follows:  Dr.  F.  C.  Phillips, 'Dr.  Karl 
Stahl.  Mr.  H.  Ely  Myers ;  to  report  at  regular  meeting  in  No¬ 
vember. 

Chairman  Walters  reported  that  arrangements  had  been 
made  for  the  visit  of  the  Section  to  the  Ward-Mackey  Bakeries, 
to  take  place  on  the  27th  inst. 

The  paper  of  the  evening.  Colorimetric  Determination  of 
Phosphorus,  by  Mr.  Thomas  E.  Hewitt  was  read  and  discussed 
by  a  number  of  members. 

General  discussion  of  current  literature,  led  by  Mr.  W  alters. 

followed. 

The  Chairman  announced  that  the  next  meeting  of  the  So¬ 
ciety  would  be  held  at  the  works  of  the  Nernst  Lamp  Co. 

No  further  business,  the  Society  adjourned  to  meet  Nov. 
17th.  1904. 

Respectfully  submitted, 

Geo.  P.  Maury,  Secretary. 
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COLORIMETRIC  DETERMINATION  OF 

PHOSPHORUS. 

BY  I.  E.  HEWITT. 

The  color  given  on  passing  hydrogen  sulphide  into  an 
alkaline  molybdate  solution,  seemed  favorable,  for  a  colorimetric 
determination  of  molybdenum  and  indirectly  of  phosphorus. 

Among  the  things  that  might  influence  the  color  given,  are : 
i.  Sodium  hvdroxide  in  excess.  2.  Degree  of  saturation,  bv 
hydrogen  sulphide.  3.  Effect  of  air.  4.  Comparative  effect  of 
color  produced  on  using  an  alkaline  solution  of  molybdic  acid, 
on  one  hand,  and  a  solution  of  yellow  precipitate  on  the  other. 
5.  Permanency  of  resulting  color.  6.  Best  method  to  dissolve 
the  yellow  precipitate.  7.  Delicacy  of  the  reaction,  and  effect 
of  dilution  on  the  comparison  of  the  colors. 

Of  various  vessels  tried  in  which  to  compare  the  colors, 
bottles,  two  inches  square,  of  a  capacity  of  twelve  ounces,  were 
selected.  These  bottles  allowed  of  sufficient  depth  to  compare 
the  colors.  They  were  called  comparison  bottles. 

COMPARISON  OF  COLORS  PRODUCED,  USING  AN  ALKALINE  MOLYB¬ 
DATE  SOLUTION  ON  THE  ONE  HAND  AND  A  SOLUTION  OF 
.  YELLOW  PRECIPITATE  ON  THE  OTHER. 

Standard  molybdic  acid  solution:  1  cc. =0.004108  gram 
M003,  equivalent  to  0.000073  gram  phosphorus. 

Standard  phosphomolybdate  solution:  1  cc^o.00000613083 
gram  of  phosphorus,  5  cc. — 0.419  cc.  standard  molybdic  acid 
solution.  Yellow  precipitate  was  dissolved  in  about  the  theoreti¬ 
cal  amount  of  sodium  hydroxide. 

COMPARISONS. 

Place  the  standard  solution  in  the  bottle,  filled  half  full  with 
water,  and  passed  hydrdgen  sulphide  until  solution  is  saturated. 
Then  filled  the  bottle  to  the  neck  and  compared  the  resulting 

colors. 
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T’hosphomolybdate  Molybdic 

solution.  acid  solution.  Color. 

1  . c  cc .  Dark  Amber 

2  . 0419  cc  . .  Light 

3  . .  10  cc .  Dark 

4  . .  . . . 0.838  cc  .  .  Light 


It  was  carried  out  a  number  of  times,  using  different 
amounts  of  phosphomolvbdate  solution,  and  comparing  with  an 
equivalent  of  molybdic  acid  solution,  always  getting  a  darker 
color  from  the  phosphomolvbdate  solution. 

This  result  shows  that  a  standard  solution  would  have  to  be 
made  by  dissolving  phosphomolvbdate  precipitate  in  sodium 
hydroxide. 

EFFECT  OF  AIR  OX  THE  FINAL  COLOR. 

Placed  5  cc.  of  the  phosphomolvbdate  solution  into  two 
bottles,  filled  half  full  wfitli  water  and  passed  hydrogen  sulphide 
till  saturated.  Then  filled  to  the  neck  with  water. 

Bottle  No.  1  was  tightly  corked.  Bottle  No.  2  was  poured 
into  a  12  cm.  porcelain  dish  and  exposed  to  the  air.  At  the  end 
of  two  weeks  the  solutions  were  darker  than  when  at  first  pre¬ 
pared,  but  exactly  matched. 

From  this  it  was  shown  that  air  had  no  effect  on  the  color. 
Here  the  essential  fact  was  noted,  that  equal  quantities  of  plios 
phomolvbdate  dissolved  in  sodium  hydroxide  gave  the  same  in 
tensity  of  color. 

EFFECT  OF  QUANTITY  OF  SODIUM  HYDROXIDE. 

By  numerous  experiments,  placing  icc,  of  standard  plios 
phomolvbdate  solution,  in  comparison  bottles  and  then  treating 
them  with  hydrogen  sulphide  for  five  minutes,  preparing  other 
bottles  in  like  manner,  but  adding  known  amounts  of  Xa  OH  in 
excess,  it  was  found  that  Na  OH  four  times  in  excess  of  the 
amount  necessary  to  dissolve  the  yellow'  precipitate  was  not  detri¬ 
mental  to  the  resulting  color.  This  fact  allows  the  operator  a 
certain  latitude  in  dissolving  the  yellow'  precipitate. 
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EFFECT  OF  DEGREE  OF  SATURATION  BY  II 2S. 
Phosphomolybdate  H.  S.  allowed  to  pass  at  the 


solution.  rate  of  6  hubbies  per  second.  Color. 

1  . i  cc .  10  seconds  .'.  ..  Straw. 

2  .  “  .  15  “  ....  Little  Darker 

3  .  “  .  20  “  ....  Light  Amber 

4  .  “  .  25  “  ....  Little  Darker 

5  .  .  30  *  .  .  .  Darker. 

6  .  “  .  35  “  ....  Darker. 


The  passage  of  hydrogen  sulphide  was  continued  for  five 
minutes  when  the  yellowish  red  color  appeared  permanent. 
Kurther  treatment  with  hydrogen  sulphide  is  necessary. 

This  condition  can  be  and  was  obtained  in  the  analysis  made 
by  passing  hydrogen  sulphide  into  the  solution  for  five  minutes, 
at  a  moderate  rate.  With  sufficient  alkali  the  fluid  turns  black. 

Tt  was  found  that  one  combined  weight  of  sodium  hydroxide 
in  excess  of  that  needed  to  dissolve  the  yellow  precipitate  al- 
wavs  gave  the  right  result.  That  is,  -?>  of  the  amount  of  sodium 
hydroxide  necessary  to  dissolve  the  yellow  precipitate,  in  excess. 

SOLUTION  OF  YELLOW  PRECIPITATE. 

Various  methods  are  tried. 

1.  The  addition  of  N/2  sodium  hydroxide  was  made  drop 
by  drop,  directly  to  the  phosphomolybdate  precipitate.  This 
dissolved  the  precipitate,  but  it  proved  necessary  to  add  sodium 
hydroxide  in  great  excess. 

2.  A  hole  was  made  in  the  filter  with  a  platinum  needle, 
and  all  the  precipitate  washed  into  a  100  cc.  measuring  flask, 
then  added  *  Na  OH  till  a  clear  solution  was  produced.  This 
method  gave  better  results,  but  shreds  of  the  filter  appeared  in 
the  solution. 

3.  1  he  method  followed  was:  to  churn  the  yellow  precipi¬ 
tate  with  verv  jiot  water,  then  to  add  -  Na  OH  till  a  clear 
solution  is  obtained  in  the  filter,  and  to  let  this  clear  solution  run 
through.  Repeat  until  all  the  precipitate  is  dissolved.  This 
method  took  just  about  the  theoretical  amount  of  sodium  hydrox¬ 
ide  to  dissolve  a  given  quantity  of  precipitate.  Tt  is  advisable 
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not  to  add  sodium  hydroxide  to  the  precipitate  before  churning 
with  hot  water,  as  the  filter  is  in  danger  of  charring.  The  pres¬ 
ence  of  nitric  acid  with  which  the  yellow  precipitate  is  washed, 
does  not  interfere  with  the  reaction  and  it  need  not  he  removed 
before  adding  the  sodium  hydroxide. 

DELICACY  OF  COLOR  REACTION. 

For  the  following  tests  Messier  tubes  are  used.  1  liese  were 
16  M.M.  bore:  30  cm.  long  and  the  50  cc.  of  solution  has  a 
depth  of  24.5  cm. 

The  standard  phosphumolybdate  solution  contained  o.ooooo8q 
plus  gram  of  phosphorus  in  1  cc.  The  yellow  precipitate  was 
dissolved  in  i|  times  the  amount  of  sodium  hydroxide  theoretical¬ 
ly  necessary.  By  numerous  tests  it  was  found  that  it  was  easy 
to  determine  a  difference  of  1/10  of  a  cc.  or  o.oooooo8q  plus  gram 
of  phosphorus. 

T 1 1  E  FOl  LOW!  NO  M  ET  HOD  OF  PRC )CEDURE  IS  RECOM  M  EN I )El >. 

W  eigh  off  2  grams  of  pig  iron  or  steel  into  a  12  cm.  porce¬ 
lain  dish.  Cover  with  a  clock  glass  and  add  40  cc.  of  nitric  acid 
( 1.20  Sp.  G.)  After  the  first  violent  action  is  over,  place  over  an 
Argand  flame  and  heat,  to  dryness.  When  dry  remove  the  clock 
glass  and  bake  until  all  the  fumes  are  driven  oft.  Let  cool,  then 
add  30  cc.  strong  hydrochloric  acid.  Cover  with  glass  and  place 
on  Argand  burner;  heat  rapidly  until  the  first  appearance  of  in¬ 
soluble  ferric  chloride  on  the  bottom  of  the  dish.  Add  10  cc. 
strong  nitric  acid,  and  when  violent  action  has  ceased,  cool  b\ 
adding  50  cc.  of  water.  Filter  and  wash  with  two  per  cent,  nitric 
acid,  then  add  strong  ammonia  to  the  filtrate  until  a  permanent 
precipitate  is  obtained.  Add  strong  nitric  acid  in  slight  excess. 
The  solution  should  now  have  a  clear  amber  color.  Heat  or 
cool  to  85 °C  and  quickly  add  50  cc.  of  ammonium  molybdate 
solution.*  Shake  strongly  for  five  minutes,  and  then  let  the  pre 
cipitate  subside.  Filter  through  a  q  cm.  filter  and  wash  with 

*  The  ammonium  molybdate  solution  used  was  prepared  as  fol¬ 
lows:  Dissolve  225  grams  of  molybdic  acid  in  a  mixture  of  600  cc. 
water  and  400  cc.  strong  ammonia.  Add  this  solution  to  2l/«  liter> 
nitric  acid  (1.20  Sp.  G.).  Keep  in  a  warm  place  over  night.  Filter, 
and  it  is  ready  for  use 
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two  per  cent,  nitric  acid.  Place  the  funnel  with  the  precipitate 
into  the  neck  of  a  100  cc  measuring  flask. 

Churn  the  precipitate  with  hot  water  and  add  ^  Na  OPt 
until  all  the  precipitate  is  dissolved.  Read  the  burrette  contain¬ 
ing-  the  N  Na  Oil  and  add  one-half  of  the  amount  of  Na  OH 
necessary  to  dissolve,  in  excess.  Fill  the  flask  to  the  mark.  Pour 
the  phosphomolybdate  solution  into  a  burrette,  and  take  an 
aliquot  part  and  place  in  a  50  cc.  Nessler  tube.  Fill  half  full  with 
water  and  pass  hydrogen  sulphide  at  a  moderate  rate  for  5 
minutes.  Place  the  tube  into  boiling  water  and  let  stand 
for  5  minutes.  Remove  and  fill  to  the  50  cc.  mark.  Compare 
with  the  standard.  Place  10  cc.  of  standard  solution  into  a 
Nessler  tube.  Fill  half  full  with  water  and  pass  hydrogen  sul¬ 
phide  for  5  minutes.  Place  in  boiling  water  for  5  minutes.  Re¬ 
move  and  fill  to  the  50  cc.  mark. 

Compare  the  colors  of  the  standard  and  unknown  solution, 
bv  looking  down  through  the  tubes,  having  a  bright  surface 
under  the  tubes  to  reflect  the  light  upwards. 

STANDARD  PHOSPHOMOLYBDATE  SOLUTION. 

The  yellow  precipitate  was  obtained  in  bulk,  by  precipitat¬ 
ing  sodium  phosphate  with  ammonium  molybdate  and  thorough¬ 
ly  washing  the  precipitate,  with  two  per  cent,  nitric  acid  and  dry¬ 
ing  in  a  System  oven.  Take  0.2737  gram  of  yellow  precipitate. 
Place  into  a  500  cc.  measuring  flask  and  add  ^  Na  OH  just  to 
dissolve.  Then  add  \  of  the  amount  necessary  to  dissolve  in 
excess,  and  make  up  to  500  cc.  10  cc.  0.000009122  plus  gram  of 
phosphorus. 

If  the  standard  phosphomolybdate  solution  is  stronger  than 
here  given,  10  cc.  will  give  a  color  too  dark  for  comparison. 

^  Na  OH  is  made  by  dissolving  4  grams  pure  Na  OH  and 
making  up  to  1.000  cc.  Its  strength  need  not  be  determined 
further. 

The  following  are  phosphorus  results,  obtained  in  pig  iron 
and  steel,  which  Mr.  Camp,  of  Carnegie  Steel  Co.,  and  Mr. 
Glass,  of  La  Belle  Steel  Works,  kindly  furnished  me. 

'  Method  of  Iron  Analysis  by  Francis  C.  Phillips,  Page  43. 
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Low  phos-  Phosphorus  by  titiration  Phosphorus  by 

phorus  metal.  with  standard  Na  OH  0.044#  •  above  method. 

1  .  “  .  .  O.O436'/ 

2  .  “  . V  .  *’  .  O.044  r/ 

3  .  “  “  0.0430 

4  .  “  “  .  O.O44I  <ji 

5  .  “  "  0.0436V 

1  *h<  *sphorus  by 

Basic  steel.  above  method. 

1  . .  .  .  0.0221 1# 

2  .  .  , . 0.02 1 84  / 


Mr.  Glass  has  no  phosphorus  results  on  this  metal,  as  it  was 
a  manganese  standard. 

He  thought  it  would  run  from  0.015%  to  0.03%.  and  said  a 
result  of  0.0 22$  would  be  considered  satisfactory  at  the  works. 


Bessemer  Phosphorus  by  al- 
pig  iron,  kakinetric  method. 

I . o.oSi# 


Phosphorus 
by  colori¬ 
metric  method. 

.  .  .  .  0.084  £ 

.  .  .  .  O.086  <i 


3 


4  4' 


0.0835  v 


Bessemer  Pig 

Iron . 0.102^ 


<4 

3 . 


O.O87  r 
0.08<> 
0.087  '/ 
0.088  ; 
0.0865 


Low  phosphorus 
metal . 0.042# 

1 . 


Bessemer  Pig 
Iron . 0.088# 


0.04  it/* 
0.04 1 0'« 


0.079  '* 
0.081  % 
0.083 
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The  phosphorus  given  above  under  alkalimetry  is  an  average 
of  from  2  to  5  results,  done  by  the  men  at  the  works. 

Standard  phos-  Phosphorus  by  Phosphorus 

pliorus  in  pig  weighing  yel-  by  colori- 

iron.  Mr.  Camp.  low  precipitate.  metric  method. 

I . . 0.109$  . 0.10834$ 

0.10875^ 

0.1093  i 

O.IO95  $ 


3 

4 


i  i 
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STRUCTURAL  SECTION. 

A  meeting  of  the  Structural  Section  of  the  Engineers*  So¬ 
ciety  of  Western  Pennsylvania,  was  held  at  the  Society’s  room, 
410  Penn  Ave.,  Pittsburg,  Tuesday,  October  25,  1904. 

The  Section  was  called  to  order  by  the  chairman,  Mr.  Frans 
Engstrom,  at  8:25  P.  M.;  thirteen  members  and  vistors  being 
present. 

Subject  selected  for  discussion  at  the  November  meeting: 
Reinforced  Concrete. 

The  chairman  appointed  the  following  committee  to  nomi¬ 
nate  officers  for  the  Section  for  1905,  to  report  at  the  November 
meeting:  Emil  Swensson,  J.  K.  Lyons,  B.  V.  Somerville,  C.  A. 
Lindstrom,  H.  C.  Gould. 

The  paper  of  the  evening,  “Structural  Features  of  the 
Phipps  Power  Building,”  was  read  by  Mr.  Edward  Godfrey. 
This  was  followed  by  a  general  discussion. 

A  vote  of  thanks  was  tendered  the  author  of  the  paper. 

On  motion  Section  adjourned  at  9:20  P.  M. 

Willis  Whited, 
Secretory  Structural  Section. 
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STRUCTURAL  FEATURES  IN  THE  PHIPPS  POWER 
BUILDING,  PITTSBURG,  PA.* 

BY  EDWARD  GODFREY. 

The  design  of  the  structural  steel  works  of  the  Phipps  Power 
Building  did  not  present  many  unusual  problems.  It  was  largely 
a  matter  of  providing  beams  and  girders  to  carry  certain  well-de¬ 
fined  loads,  and  columns  to  support  loads  equally  determinate. 

The  live  load  for  which  the  floors  were  proportioned  is  250 
pounds  per  sq.  ft.  The  live  load  on  the  roof  was  taken  at  50 
pounds  per  sq.  ft.  The  columns  were  designed  to  carry  all  of 
this  live  load,  with  no  reduction  for  lower  stories,  as  might  ra¬ 
tionally  be  allowed. 

The  I-beams  in  the  floors  were  proportioned  for  1,600  pounds 
per  sq.  in.  extreme  fibre  stress,  and  the  girders  for  14,000  pounds 
per  sq.  in.,  flange  stress  on  the  net  area  of  flanges ;  no  part  of  the 
web  plate  being  counted  in  as  flange. 

The  unit  load  allowed  on  columns  is  that  prescribed  by  the 

—  O  1 

New  York  Building  Code,  or  15,200 — 

In  plan,  the  building  is  100  feet  square  out  to  out  of  walls. 
It  is  ten  stories  in  height,  the  first  three  stories  being  24  feet, 
and  the  remaining  stories  13  feet  from  floor  to  floor.  There  are 
only  two  rows  of  interior  columns  in  the  direction  normal  to 
Cecil  Alley,  thus  making  the  span  of  girders  32  ft.  8  in.  In  the 
other  direction  the  spacing  between  columns,  except  in  the  front 
and  rear  bays,  is  13  feet.  The  large  floor  space  carried  by  the 
main  girders  and  the  interior  columns  required  that  these  parts 
be  unusually  heavy. 

The  girders  for  the  regular  floors  are  of  the  built  plate  girder 
type,  having  single  webs.  On  the  second  and  third  floors,  where 
boilers  with  their  heavy  walls  are  carried  by  the  steel  work,  the 
main  girders  are  of  the  box  girder  type,  having  two  webs. 


Paper  read  before  the  Structural  Section  at  the  October  meeting. 
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Interior  Girder  Connection,  Phipps  Power  Building. 
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The  columns  had  to  be  made  of  a  style  that  would  admit 
of  increasing  the  sectional  area  very  greatly  on  account  of  the 
heavy  loading.  The  style  best  suited  to  this  requirement  was 
thought  to  be  a  column  composed  of  two  channels  and  two  plates 
for  the  upper  sections,  increasing  the  size  of  channels  and  plates 
toward  the  lower  stories,  adding  plates  on  the  back  of  these 
channels  as  still  greater  area  was  required,  and  finally  adding  two 
channels  back  to  back  with  plates  riveted  to  web  at  the  center 
of  the  column  for  the  very  heavy  sections.  The  maximum  sec¬ 
tional  area  used  was  14,344  sq.  in.  This  is  made  up  of 

4 — 15"  channels,  55  pounds. 

2 — 20' '  x  1"  plates. 

2 — 143/4"  x  11/16"  plates. 

2—14  3/4"  x  5/8''  plates. 

Where  the  section  of  a  column  changed  from  one  having 
two  channels  to  one  having  four  channels,  the  pressure  is  com¬ 
municated  into  the  added  middle  channels  by  means  of  two  short 
channels  similarly  placed  at  the  bottom  of  the  column  having  but 
two  channels.  These  are  about  two  feet  long.  The  columns  are 
spliced  by  two  side  plates  and  have  distributing  plates  in  hori¬ 
zontal  position  which  vary  from  3/4  in.  to  I  in.  in  thickness. 

The  columns  rest  upon  cast  iron  bases  2  ft.  6  in.  and  3  ft. 
high.  These  were  set  in  place  and  grouted  with  cement  grout, 
and  the  steel  columns  were  bolted  to  them. 

The  bracing  of  the  building  is  effected  by  means  of  gussets. 
The  floor  girders  have  brackets  under  them  where  they  connect 
to  the  columns,  and  these  brackets  have  substantial  gusset  plates 
connected  to  the  bottom  flange  of  the  girder  by  means  of  angles. 
The  ends  of  girders  have  plates  the  width  of  the  column,  shop 
riveted  to  the  end  connection  angles,  and  field  riveted  to  the 
columns.  Floor  beams  connecting  to  columns  have  gusset  plates 
on  the  brackets  on  which  they  rest  and  are  riveted  to  the  same 
by  means  of  angles.  A  lug  angle  provides  a  top  flange  connec¬ 
tion  between  these  beams  and  the  column.  At  each  floor,  as  well 
as  at  intermediate  levels  in  the  24-ft.  stories,  there  is  a  line  of  wall 
girders  completely  surrounding  the  building.  These  girders  are 
30  in.  deep  and  have  stiffened  gusset  plates  reaching  30  in.  down 
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the  column.  Thus  five  feet  of  the  column  is  held  by  the  wall 
girders,  offering  very  effectual  wind  bracing. 

The  wall  girders  support  the  wTalls  at  these  various  levels 
and  carry  its  weight  to  the  columns.  They  are  not  in  the  middle 
plane  of  brick  walls  as  the'  columns  and  the  wall  in  the  story  be¬ 
low  offer  sufficient  steadiness  to  the  walls  to  prevent  eccentricity 
of  loading  on  the  girders.  The  connection  to  the  column  is  by 
means  of  a  line  of  rivets  five  feet  long,  the  girders  are  on  the  out¬ 
side  line  of  columns,  thus  serving  to  balance,  to  some  extent, 
the  weight  of  floor  girders.  The  wall  girders  have  holes  punch¬ 
ed  through  the  webs  at  intervals  for  the  insertion  of  ties  to  hold 
the  parts  of  the  wall  together  which  are  separated  by  the  wreb 
of  girder. 

The  combined  gusset  and  bracket  support  under  the  beams 
and  girders  is  not  of  the  usual  form  with  angles  mitred  at  the 
corner,  but  has  a  horizontal  shelf  angle  under  which  is  a  pair 
of  close  fitting  stiffener  angles.  Between  these  angles  the  gusset 
plate  is  riveted.  Thus  the  load  of  the  girder  or  beam  is  not 
borne  by  the  gusset  out  from  the  column  as  a  cantilever,  but  rests 
upon  a.  bracket  close  against  the  column,  leaving  the  gusset  plate 
to  act  in  its  proper  function  as  a  brace.  Under  the  box  girders 
there  are  double  gusset  plates.  .  • 

The  connection  of  beams  to  girders  is  by  means  of  an  angle 
shelf  having  a  stiffener  angle  underneath.  The  top  level  of  beam 
is  one  inch  below  that  of  girder  and  the  top  flange  of  beam  is 
riveted  to  top  flange  of  girder. 

In  the  middle  of  the  building  opposite  the  fourth  and  fifth 
stories  there  is  a  coal  bin  with  a  capacity  of  about  21/4  million 
pounds  of  coal.  This  bin  is  box-shaped  with  the  corners  beveled 
off  at  45  degrees,  cutting  off  seven  feet  from  bottom  and  side. 
The  load  of  the  bin  is  carried  bv  double  girders  three  feet  deep. 
The  length  of  these  girders  is  about  four  feet  less  than  the  dis¬ 
tance  center  to  center  of  columns,  and  in  order  to  relieve  the 
columns  of  all  bending  from  eccentric  loading,  vertical  girders 
are  riveted  to  the  side,  extending  up  to  the  sixth  floor  line,  or  for 
the  full  depth  of  the  bin.  Thus  the  sixth  floor  girders  resist  the 
thrust  of  these  vertical  girders  where  they  tend  to  come  together 
above  the  top  of  bin.  In  addition  to  this,  the  corner  brackets. 
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as  well  as  arched  brackets  under  the  girders,  make  this  part  of 
the  construction  exceptionally  rigid.  The  bottom  of  the  bin  is 
lined  with  5/8"  plates;  the  sloping  part  of  the  sides,  with  1/2'' 
plates ;  the  vertical  part  of  sides,  with  3/8"  plates.  Beams  are 
spaced  3  to  31/2  feet. 

For  the  lateral  pressure  on  the  sides  of  the  bin  the  action  of 
coal  was  taken  as  analogous  to  that  of  a  fluid,  but  the  weight  per 
cubic  foot  was  taken  as  one-third  that  of  the  weight  of  coal.  This 
is  equivalent  to  the  method  which  considers  a  wedge  of  granular 
substance  sliding  without  friction  on  a  slope  bisecting  the  com- 


j 

0. 


Column  Splice,  Phipps  Power  Building. 

plement  of  the  angle  of  repose,  but  is  more  simple  in  its  applica¬ 
tion. 

The  total  weight  of  the  cast  column  bases,  38  in  number,  is 
305,510  pounds. 

The  weight  of  columns  is  1,829,367  pounds. 

I  he  total  weight  of  structural  material,  including  castings, 
in  the  entire  building  is  5,742,463  pounds. 

This  is  about  31/2  pounds  per  cubic  foot  of  the  volume  of 
the  building,  or  574  pounds  per  square  foot  of  the  ground  plan. 
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There  were  about  80.000  field  rivets  to  drive. 

As  a  comparison  with  other  local  buildings  the  following  are 
about  the  weights  per  cubic  foot  of  a  number  of  Pittsburg  build¬ 
ings : 

Arrott  Building,  2.8  pounds  of  steel  per  cubic  foot. 

Farmers  Bank  Building,  2.3  pounds  of  steel  per  cubic  foot. 
Empire  Building,  2.1  pounds  of  steel  per  cubic  foot. 

Oliver  Building,  1.8  pounds  of  steel  per  cubic  foot. 
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OCCURRENCE  OF  OUR  BUILDING  STONES. 

BY  F.  Z.  SCIIELLENBERG. 

From  1,500  feet  thickness  of  outcropping-  sedimentary 
rock-measures  spread  around  in  Allegheny  and  adjoining 
counties,  the  city  of  Pittsburg,  at  the  center,  derives  its  sup¬ 
ply  of  native  stone.  The  stratigraphic  section  range  is 
through  the  whole  of  the  carboniferous. 

The  topography  favoring  the  access  to  the  rocks  is  predi¬ 
cated  on  their  ancient  side  compression  from  the  southeast 
making  the  corrugation  with  northeast  trend  of  the  anticlinals 
and  synclinals;  the  general  rise  toward  the  northeast  of  these 
axes  of  the  folds  though  in  broken  line  and  profile;  and  then 
the  erosion,  which  is  still  going  on  generally  toward. the  north¬ 
west  ;  the  waters  cross  cutting  gaps  on  northwest  courses  in 
alternation  at  right  angles  with  flat  valleys  followed  on  the 
strike. 

With  the  variety  of  exposures  in  the  combined  effect  is 
the  change  in  elevations  of  surface  throughout  our  territory 
from  2,400  feet  above  sea  level  to  only  650  feet  above. 

Building  stones  continue  to  be  quarried  here  in  the  city 
and  nearby  for  lighter  masonry,  as  house  basement  walls, 
from  the  layers  called  the  Morgantown  sandstone,  situated 
about  150  feet  under  our  Pittsburg  coal  seam.  Formerly  used 
more  generally  they  proved  less  resistant  to  the  weather,  but 
it  is  noteworthy  that  the  new  edifice  for  the  F'irst  Presbyterian 
Church  on  Sixth  Avenue  is  being  built  of  Morgantown  sand¬ 
stone  brought  by  boat  from  Geneva,  on  the  Monongahela 
river.  Indiana  limestone  is  to  be  used  in  tlie  trimming. 

About  400  feet  lower  geologically  occurs  the  Mahoning 
sandstone,  a  better  freestone  immediately  on  top  of  the  Free¬ 
port  coal  seam.  It  has  been  used  as  ashlar  for  many  heavy 
structures,  but  as  it  is  only  accessible  near  here  on  the  Alle¬ 
gheny  and  Ohio  at  its  increased  top  thickness  of  varying 
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strata,  it  is  not  chosen  as  much  for  bridge  masonry  as  the 
more  generally  massive  Beaver  river  valley  stone,  which 
comes  600  feet  lower  in  the  column  from  No.  12  formation  of 
this  Paleozoic  epoch. 

No.  12  sandstone  stands  out  accessible  too  in  the  moun¬ 
tain  gaps  next  east  of  us,  and  under  it  there,  with  No.  n 
Mauch  Chunk  red  shale  between,  comes  No.  10,  the  sileceous 
limestone  called  Ligonier  block  in  this  market. 

The  Bedford-Indiana  limestone  imported  here  from  the 
west  is  probably  contemporary  in  deposition  with  this  No.  10 
of  our  Appalachian  field. 

Berea  grit  is  lower  down ;  it  is  brought  out  of  northeastern 
Ohio  in  immense  quantities  and  is  called  Cleveland  stone  here. 

We  get  brown  stones  from  the  Upper  Lakes  region  that 
are  older,  Devonian  or  Silurian,  but  the  brown  stones  from  the 
east  are  Mesozoic,  of  later  formation  than  our  native  stones. 

We  regard  the  New  England  granites  we  use  as  of  old 
origin.  • 

Immediately  over  the  Pittsburg  coal  seam  is  the  Pitts¬ 
burg  sandstone  in  thin-bedded  rough  layers,  but  from  some 
points  natural  surface  flagstones  used  to  be  obtained  from 
that  horizon. 

Four  hundred  feet  above  is  the  Waynesburg  sandstone 
on  the  Waynesburg  coal  seam ;  it  is  massive  and  has  been  used 
inland  and  on  the  Monongahela  river  in  cut  stone  work.  There 
is  but  one  ledge  of  it  in  Allegheny  county — Rocky  ridge  in 
Bethel  township. 

[t  is  iron  that  has  had  most  to  do  with  the  color  of  these 
stones.  They  are  named  gray,  buff,  or  brown  as  the  luminous 
blue,  the  protoxide  imparts  to  clear  silex  or  calcite,  departs 
through  ochre  to  rustiness  given  by  the  hydrated  sesquioxide. 
which  is  then  changed  by  heat  to  red  from  the  iron’s  loss  of 
the  combined  water,  as  naturally  in  hematite  or  artificially  in 
common  brick. 

Our  stone  color  in  flat  tint  on  a  drawing  may  be  a  neutral 
tint  of  India  ink  thinned,  or  may  be  a  brilliant  gray  from 
a  mixture  of  crimson  lake  with  Prussian  blue. 
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The  brown  sandstones  we  get  are  of  the  New  Red  for¬ 
mation,  whether  from  Hummelstown  or  the  Connecticut 
River  valley,  but  we  say  are  Old  Red  if  from  the  northwest : 
and  it  is  said  there  are  Old  Red  sandstone  house  trimmings 
to  be  seen  that  were  imported  from  Scotland,  on  sentimental 
grounds,  we  may  suppose. 

The  Ligonier  stone  occurs  bluish  gray  generally,  but 
from  the  Laurel  Hill  there  is  a  chocolate-brown  variety  tinged 
evidently  from  the  red  shale  formation  atop.  Ligonier  stone 
does  not  split,  but  spalls  alike  in  all  directions.  The  ledge  50 
feet  thick  is  interrupted  by  frequent  cleavage.  Several  hand¬ 
some  buildings  have  been  erected  faced  with  the  stone  in  large 
size,  and  very  durable  flags  making  sidewalks  in  Last  Libert) 
were  sawed  from  it.  But  its  widespread  vogue  is  the  block- 
stone  paving  of  the  city.  It  is,  too,  the  favorite  macadam 
road  metal  in  Allegheny  county.  The  paving  blocks,  hand¬ 
made,  hammer-spalled,  arc  now  better  made  and  laid  here 
than  formerly.  When  too  long,  wide  and  rough  sided  the 
joints  gape  wide  and  the  surface  wears  cobbly..  Belgian 
block  specification  would  call  for  3j-inch  width  to  suit  the 
horse’s  hoof,  7  inches  depth  and  about  8  inch  straight  enough 
length  to  have  half-inch  joints. 

Cleveland  stone  is  from  a  formation  10  to  75  feet  thick, 
it  is  generally  silex  sand  compacted  by  pressure — hardly  other¬ 
wise  bound — and  much  of  it  may  be  called  tender  grit  as  the 
grains  let  go  easilv. 

In  the  great  use  of  it  in  these  towns,  as  in  five-foot  wide 
sawed  sidewalk  flags,  there  are  specimens  especially  inferior  in 
appearance  because  of  blotches  of  petroleum  from  cavities 
opened  in  the  surfacing. 

Selected,  it  comes  in  pleasing  solid  color  read)  for  home 
lintels  and  sills  or  entire  house  front  facing  courses,  or  in 
large  blocks  that  are  easy  to  split  by  plug  and  feather  and 
work  into  sizes  and  shapes  by  hand  tooling.  The  Carnegie 
Institute  is  built  of  this  stone  and  shows  much  cut  work  in¬ 
tended  for  ornamentation. 

1  he  Indiana  limestone  is  in  texture  a  fine  sandstone  that 
lends  itself  even  to  carving.  The  Gothic  trimmings  of  this 
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stone  in  the  Third  Presbyterian  Church  is  beautiful,  and  there 
is  the  contrast  with  the  peculiar  russet  Beaver  stone  in  the 
body  of  the  walls.  But  the  new  Cathedral,  altogether  of  this 
limestone,  promises  to  be  a  magnificent  Gothic  temple.  The 
Wabash  railroad  depot  is  almost  too  elaborate  in  large  mem¬ 
bers  of  this  stone.  The  County  Court  House,  whose  archi¬ 
tecture  has  been  much  admired,  is  of  granite,  but  its  interior 
arching  is  of  the  Indiana  limestone,  and  of  this  it  has  been 
noted  that  its  carving  there  does  not  do  the  capability  of  the 
stone  justice,  being  kept  in  low  relief  as  this  had  to  be  so  in 
the  granite  parts.  In  passing  it  may  be  remarked  that  the 
exterior  granite  capitals  at  the  window  openings  are  most 
varied  in  pattern  in  this  Court  House,  and  interior  capitals  are  so 
also,  even  the  small  balustrades  repeat  only  in  sets  of  five. 

Our  member,  Thomas  H.  Johnson,  made  a  report  of  ex¬ 
periments  upon  the  transverse  strength  and  elasticity  of  build¬ 
ing  stones  which  was  published  in  the  nth  report  of  the  State 
Geologist  of  Indiana  in  1882.  The  report  is  full  as  to  the 
qualities  of  the  Indiana  limestone  there  termed  Oolitic  from 
its  fish-egg-packet,  roe-like  appearance  at  the  south  of  the 
extensive  territorv  in  which  it  is  found. 

It  is  96  per  cent,  carbonate  of  lime,  occurs  40  feet  in 
thickness,  and  is  homogenous  so  as  to  be  alike  strong  on  edge 
or  on  bed.  The  mighty  stones  of  Baalbek  could  readily  be 
surpassed  in  these  quarries.  To  this  may  be  added  that  the 
Baalbek  walls  have  stones  20  feet  square  by  60  feet  long,  and 
none  as  great  in  section  has  been  heard  of  in  ancient  or  mod¬ 
ern  times;  but  there  were  shafts  and  slabs  quarried  of  much 
greater  length,  and  such  have  been  at  least  broken  out  of  the 
solid  intact  in  American  granite  quarries.  The  remarkable 
evenness  of  bedding  in  the  Berea  grit  has  allowed  extraction 
of  stone  blocks  10  feet  square  and  only  ij  inches  thick, 
and  in  one  case  a  strip  150  feet  long,  5  feet  wide,  and  but  3 
inches  thick  was  reported  as  raised  intact  from  the  quarry  bed. 
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BRICK  MASONRY. 

BY  L.  C.  WELDIN. 

Bricks  are  very  convenient  building  materials.  They 
have  been  used  from  the  earliest  times,  and  we  doubt  not  will 
continue  to  be  used  until  the  end. 

The  materials  from  which  bricks  may  be  made  form  the 
greater  part  of  the  surface  of  the  inhabited  earth  and  are  so 
distributed  as  to  almost  eliminate  the  item  of  freight  charges. 

Beginning  with  the  hand-made  and  sun-dried  adobe, 
bricks  came  to  be  made  by  millions,  of  the  finest  clays,  burned 
hard  in  patent  perpetual  kilns,  and  now  we  have  the  lime  and 
slag  sand  bricks,  dried  in  a  few  hours  by  steam,  and  guaran¬ 
teed  to  bear  the  highest  tests.  Of  all  colors,  sizes,  and  shapes, 
bricks  are  a  building  material  of  the  greatest  importance. 
The  small  size  of  those  in  common  use,  and  the  consequent 
great  number  of  joints,  has  been  objected  to  by  the  architects, 
but  this  is  largely  overcome  bv  coloring  the  mortar.  Recent 
great  fires  have  shown  that  brick  are  the  best  material  to  re¬ 
sist  this  destructive  agent.  Brick,  as  now  made,  vary  consid¬ 
erably  in  size.  This  has,  no  doubt,  for  its  original  cause  the 
great  difference  in  shrinkage  of  clays  in  burning.  The  usual 
4x2^"x8J"  size  was  no  doubt  adopted  because  of  convenience 
in  handling.  All  formulae  for  calculating  the  number  of  brick < 
must  be  approximate.  We  may,  however,  estimate  that  six 
hundred  bricks  to  the  cubic  yard  of  masonry  will  contain  a 
liberal  allowance  for  waste.  A  wall  nine  inches  thick  requires 
fifteen  bricks,  and  a  wall  thirteen  inches  thick  requires  twenty- 
two  and  a  half  bricks  to  the  square  foot  of  surface ;  a  seven¬ 
teen-inch  wall,  twenty-nine  bricks;  a  twenty-two-inch  wall, 
thirty-four  and  a  twenty-seven-inch  wall,  forty-four  bricks  to 
the  square  foot  of  space.  These  figures  are  based  upon  usual 
practice  as  to  joints  and  waste;  openings  of  less  than  one 
hundred  square  feet  are  counted  as  solid. 
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Colors. — The  presence  of  iron  in  the  clay  gives  color  to 
the  bricks.  A  larger  proportion  of  iron  gives  bright  red,  and 
smaller  quantity  lighter  tints,  shading  off  to  orange.  A  trace 
of  lime  gives  the  cream  colors.  The  pure  clays  burn  white. 
For  good  effects  the  shades  are  selected  so  that  one  side  or 
front  of  a  building  shall  all  be  as  nearly  of  one  shade  as  may  be. 

Strength. — The  resistance  to  crushing  depends  upon  the 
material  used  and  mode  of  manufacture;  the  softer  ones  bear¬ 
ing  four  hundred  to  six  hundred  pounds  per  square  inch,  while 
good  hard  bricks  may  bear  a  pressure  of  two  thousand  to  five 
thousand  pounds  per  square  inch.  The  sand-lime  bricks  now 
being  made  are  guaranteed  to  bear  three  thousand  pounds  per 
square  inch.  Brick  masonry  may  bear  as  much  as  fifty  tons 
per  square  foot,  but  should  not  be  loaded  to  more  than  five  or 
six  tons  per  square  foot.  Where  it  is  necessary  to  do  so,  good 
hard  bricks  laid  in  cement  may  be  loaded  to  ten  or  twelve  tons 
per  square  foot  without  danger. 

Absorption  of  water. — Hard  bricks  should  not  absorb 
more  than  io  per  cent,  of  their  weigth.  A  less  amount  would 
be  preferred,  although  some  bricks  absorb  as  much  as  20  to  30 
per  cent. 

Weight. — Bricks  weigh  from  from  one  hundred  and  fifty  to 
one  hundred  and  sixty  pounds  per  cubic  foot.  Brick  masonry 
weighs  from  one  hundred  and  twenty  to  one  hundred  and 
thirty  pounds  per  square  foot. 

Because  of  their  shape  and  size,  bricks  are  very  well 
adapted  for  use  where  masonry  is  carried  up  in  narrow  piers, 
or  must  contain  many  pockets  or  openings,  as  in  foundations 
for  machinery.  They  are  much  used  for  engine  foundations. 
Ornate  shapes  are  used  by  architects  to  carry  out  their  designs 
in  cornices,  pilasters,  belt  courses,  etc. 

Bonding. — In  ordinary  masonry  it  is  customary .  to  lay 
every  fifth  or  sixth  course  as  headers.  The  Flemish  bond  is 
made  by  alternate  headers  and  stretchers  in  the  same  course. 
Metal  bonds  are  much  in  use  where  entire  fronts  are  laid  as 
stretchers,  and  hollow  walls  are  readily  made  by  their  use. 
There  are  many  patterns  on  sale  and  most  of  them  are  very 
satisfactory,  with  the  single  exception  that  they  may  melt  in 
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a  hot  tire  and  cause  the  destruction  of  a  wall.  Secret  headers 
mav  be  used  by  cutting  off  the  corners  and  putting  a  whole  brick 
in  diagonally. 

The  rear  courses  should  be  level  with  the  front  ones  to 
make  good  work. 

Joints. — The  joint*  should  be  straight  and  even  and  lx* 
neatly  struck  with  the  trowel.  It  is  sometimes  specified  that 
two  courses  shall  occupy  five  inches  in  height.  In  fine  work 
the  brick  is  squeezed  down,  making  a  thin  joint.  When  the 
wall  is  to  be  pointed,  the  mortar  must  be  raked  out  to  give  the 
pointing  a  good  hold.  Joints  may  be  as  much  as  a  half  inch 
thick  if  the  mortar  is  good  and  worked  stiff.  A  narrow  bor¬ 
der  of  mortar  is  sometimes  put  upon  the  front  edge  of  the 
brick  as  it  is  laid.  This  is  called  buttering,  and  is  done  when 
colored  mortor  is  used. 

Thickness  of  Wall. — Most  cities  have  passed  ordinances 
specifying  the  thickness  of  walls  allowed.  For  warehouse, 
Haswell  gives  from  thirty  to  forty  feet  high,  thirteen  inches  ;  from 
fifty  to  seventy  feet  high,  seventeen  and  one-half  inches;  eightv 
feet,  twenty-one  inches;  and  from  ninety  to  one  hundred  feet  high, 
twenty-six  inches  thick.  The  engineer  will  probably  prefer  to  cal¬ 
culate  his  thickness  from  the  floor  loads  and  then  make  the  wall 
extra  thick  for  safety.  Bricks  are  well  adapted  to  use  in  connection 
with  the  steel  frame-work  now  in  use,  both  for  convenience 
in  handling  and  great  resistance  to  fire.  They  work  well  in 
connection  with  concrete,  and  because  they  are  already  pre¬ 
pared  for  use,  are  in  manv  cases  preferred  to  other  materials. 

Mortar. — For  good  work  on  dwellings  we  may  specify 
fresh  burned  lime  and  clear  sharp  sand  in  the  proportions  of 
one  to  five,  if  the  lime  is  good  and  the  sand  clean,  or  less  sand 
if  these  conditions  cannot  be  had. 

Bricks  laid  in  cement  make  good  foundations.  Cement 
in  walls  above  ground  is  objected  to  by  the  bricklayer  as  it 
does  not  work  as  freely  as  lime  mortar.  Mortars  adhere  to 
bricks  about  as  well  as  to  building  stone,  but  care  must  be 
taken  that  the  brick  is  clear  of  dust  and  not  too  dry.  Brick 
should  be  well  wetted  before  using  in  dry  weather,  or  they 
will  absorb  the  moisture  from  the  mortar  and  so  destroy  it 
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To  lay  one  thousand  bricks  requires  sixteen  or  seventeen 
bushels  of  sand  and  about  three  bushels  of  lime.  They  will 
occupy  about  one  and  three-fourths  cubic  yards  in  the  wall. 

A  Days  Work. — A  man  should  lay  one  thousand  bricks 
in  seven  hours,  and  requires  one  man  to  carry  materials.  For 
pressed  brick  fronts  it  will  take  them  about  fifteen  hours  to 
lay  one  thousand  bricks. 

We  may  then  specify  as  follows : 

All  brick  used  to  be  good,  hard,  and  well  burned,  no 
cracked  or  swelled  brick  allowed ;  to  be  laid  in  strong  mortar 
of  fresh  burned  lime  and  sharp,  Avell  screened  sand ;  laid  wet 
in  dry  weather,  and  kept  dry  in  freezing  weather;  joints  to 
be  neat,  straight,  of  uniform  size  throughout,  and  neatly  struck 
on  the  face;  all  joints  to  be  flushed  solid,  leaving  no  empty 
spaces;  to  be  well  tied  with  heading  course  every  fifth  courser 
and  worked  in  regular  bond;  the  bricks  to  build  two  courses 
to  five  inches  in  height ;  jambs  and  face  of  wall  to  be  carried 
up  plumb  and  true. 

The  inspector  should  see  that  the  bricks  are  sound, 
straight  and  of  uniform  size,  and  have  full  sharp  edges,  and 
square  and  true  sides.  By  striking  two  together  he  may  soon 
learn  to  detect  the  hard  ones  by  sound.  The  sand  must  not 
soil  the  hand,  taste  salty,  nor  contain  small  pieces  of  coal  or 
other  foreign  matter.  It  must  feel  gritty  to  the  touch.  The 
lime  must  be  pure,  should  be  white  and  should  all  slake  down 
to  a  fine  powder. 
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MORTARS. 

BY  JOSEPH  A.  SHINN. 

Mortar  performs  two  principal  functions:  First,  it  forms 
a  uniform  bedding  for  the  bricks  or  stones  and  enables  the 
mason  to  equalize  the  slightly  varying  size  of  each ;  second,  it 
adheres  to  the  bricks  and  stones  and  binds  them  together. 

The  second  function  is  universally  recognized ;  the  first 
receives  little  consideration,  except  by  the  operative  mason. 

The  ancient  Egyptians  did  not  use  mortar  in  their  stone 
structures;  the  stones  being  dressed  to  absolutely  accurate 
dimensions  and  practically  polished  on  their  bedding  sur¬ 
faces. 

In  ancient  Babylon  asphalt  was  used  as  a  mortar.  The 
first  use  of  asphalt  in  modern  times  was  by  Eirinus,  a  Greek 
physician,  in  1712,  when  it  was  used  as  a  matrix  for  artificial 
stone,  but  without  much  success.  Its  successful  application 
dates  from  the  discovery  of  asphalt  rock  in  France,  in  1832. 
by  Count  Sassonay. 

Mortar  was  made  by  the  Greeks  and  Romans  in  much 
the  same  manner  as  at  the  present  time.  Where  hydraulic 
lime  was  available  its  use  was  preferred.  When  fat  lime  was 
used  in  important  structures,  it  was  generally  rendered  hy¬ 
draulic  by  the  addition  of  ground  burned  clay  “terras,”  or 
where  Puzzuolani  was  available,  by  the  use  of  that  material 
in  place  of  common  sand. 

In  fat  lime  mortar  the  lime  renders  the  mortar  of  easy 
working,  because  of  its  plasticity;  the  sand  supplying  stability 
to  support  the  weight  of  the  masonry  before  the  mortar  is  set. 
and  to  prevent  the  shrinking  of  the  lime  which  would  destroy 
its  cohesion. 

Of  more  importance  than  either  the  quality  of  sand  or 
lime  is  that  the  lime  should  be  perfectly  slacked.  In  Europe 
specifications  require  that  lime  should  be  slacked  not  less  than 
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three  months  before  being-  used.  I  have  seen  mortar  used  in 
this  country  in  which  the  lime  had  not  been  slacked  three 
hours. 

Of  nearly  one  hundred  samples  of  lime  mortar,  taken  from 
as  many  buildings,  in  New  York  City,  in  1883,  and  tested  by 
the  writer,  the  average  tensile  strength  per  square  inch,  of 
stone  mason’s  mortar,  was  11  pounds,  and  of  brick  mason's 
mortar,  14  pounds,  at  28  days. 

Lime  mortar  does  not  indurate  by  the  formation  of  sili¬ 
cate  of  lime,  as  is  generally  supposed,  the  hardening  being  due 
wholly  to  the  carbonation  of  the  lime. 

During  the  past  twenty-five  years  the  substitution  of  con¬ 
crete  for  stone  and  brick  masonry  has  been  so  great  as  to 
suggest  the  possibility  of  its  almost  wholly  replacing  those 
materials  in  all  kinds  of  structures.  The  stability  of  concrete 
structures  is  attested  by  the  existence  of  large  works  built  by 
the  Romans  more  than  one  thousand  years  ago,  with  binding 
materials  very  much  inferior  to  the  Portland  cement  of  to-day. 

There  is  no  material  used  in  construction  capable  of  as 
great  abuse  as  is  the  mortar  used  as  matrix  for  concrete. 

With  impure  sand,  poor  cement  and  insufficient  quantity, 
careless  mixing  and  careless  work  in  placing,  concrete  is  re¬ 
deemed  only  by  the  fact  that  most  of  the  Portland  cement 
now  in  use  is  of  sufficient  strength  to  overcome  all  these  de¬ 
fects  and  still  leave  a  margin  of  strength  sufficient  for  the 
structure. 

Where  concrete  is  exposed  to  low  temperatures,  an  in¬ 
sufficiency  of  cement  to  fill  the  voids  in  the  sand  is  a  matter 
of  more  importance  in  relation  to  the  porosity  of  the  concrete 
than  to  that  of  strength. 

The  proportions  of  sand  in  the  face  of  concrete  in  this 
latitude  should  in  no  case  be  less  than  one  of  cement  to  three 
of  sand. 
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DISCUSSION. 

Robt.  A.  Cummings — There  is  some  foundation  work  being 
constructed  on  the  South  Side  by  the  Crauford  Paving  Co.,  for 
the  Pittsburg  Terminal  Warehouse  Co.,  which,  I  think,  merits 
notice  here.  The  ground  consists  of  a  miscellaneous  lot  of  filling 
material,  containing  so  much  brick,  stone,  wood,  etc.,  that  it  was 
not  considered  practicable  to  drive  wooden  piles,  moreover,  as 
the  foundations  were  to  carry  large  and  costly  buildings,  some¬ 
thing  more  durable  was  desired,  so  it  was  decided  to  drive  con¬ 
crete  piles  by  the  Simplex  system. 

The  method  is,  briefly,  as  follows:  A  steel  pipe  about  16  in. 
in  diameter  and  of  sufficient  length  is  provided  with  conoidal 
point  4  ft.  to  5  ft.  long  of  concrete,  tenoned  into  its  end.  This 
pipe  with  the  point  inserted,  is  driven  to  the  required  depth  with 
a  pile-driver.  The  pipe  is  then  filled  with  concrete  and  with¬ 
drawn  as  the  filling  proceeds,  leaving  the  concrete  point  in  place, 
and  the  hole  rammed  full  of  concrete.  The  piers  carrying  the 
building  are  built  on  clusters  of  these  piles.  Both  ends  of  the 
pipe  are  re-enforced  with  heavy  steel  bands  riveted  on ;  and  the 
splices  in  the  pipes  are  made  with  faced  butt  joints  and  steel 
splice  bands  riveted  on.  The  top  end  of  a  pipe,  during  driving, 
is  fitted  with  a  cast  cap  which  fits  between  the  leads  of  the  pile- 
driver,  so  that  it  acts  as  a  guide  for  the  top  of  the  pile  and  is 
fitted  with  a  banded  wooden  block  which  receives  the  blow  of 
the  hammer.  The  hammer  is  heavy — about  2.800  pounds — and 
the  fall  is  limited  to  about  15  ft.  The  piles  are  about  40  ft.  long. 

When  the  pile  is  driven  concrete  enough  is  dropped  in  to 
fill  it  to  a  depth  of  about  3  ft. ;  the  pipe  is  withdrawn  to  near  the 
top  of  the  concrete  and  the  concrete  rammed.  About  3  ft.  more 
of  concrete  is  dropped  in,  the  pipe  pulled  and  the  concrete  ram¬ 
med  as  before.  This  operation  is  repeated  till  the  pipe  is  entire¬ 
ly  withdrawn  and  the  hole  filled.  The  power  required  to  start 
the  pipe  up  sometimes  exceeds  25  tons,  hut  after  it  is  started 
there  is  little  difficulty. 

A  few  of  the  piles  are  pointed  with  cast-iron,  but  that  is 
only  in  special  cases.  The  cost  of  these  piles  is  considerably 
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greater  than  that  of  wooden  ones  of  similar  length  and  diameter, 
but,  of  course,  their  durability  in  any  kipd  of  soil  is  unquestioned. 

Another  novel  method  of  placing  concrete  is  in  use  in 
Duluth  harbor,  where  wooden  piles  are  driven  in  deep  water, 
sawed  off,  and  a  concrete  wall  built  on  them.  In  this  case  the 
concrete  is  deposited  by  means  of  the  ordinary  bottom-dumping 
buckets,  but  the  buckets  are  covered  with  canvas  to  prevent  the 
water  from  washing  out  the  cement. 

This  work  is  done  by  the  Government  and  they  are  using 
Universal  Portland  cement,  made  in  Chicago.  This  cement  is 
similar  to  that  made  in  Elizabeth  by  the  International  Cement 
Co.,  i.  e.,  it  is  made  of  blast  furnace  slag  and  lime  ground 
together  in  the  proportions  to  give  the  desired  composition  to  the 
cement,  clinkered  and  ground  again,  as  is  done  with  ordinary 
Portland  cement. 

Geo.  T.  Barnsley — I  made  a  large  number  of  tests  of  con¬ 
crete  and  of  stone  in  connection  with  the  construction  of  the 
Wabash  Bridge  crossing  the  Monongahela  river,  at  Pittsburg. 
They  were  made  with  the  large  testing  machine  at  the  Keystone 
Bridge  Works  and  were  mostly  on  12  in.  cubes. 

I  have  not  had  time  to  tabulate  any  considerable  number  of 
the  tests  so  as  to  prepare  them  for  publication,  but  will  give  a 
few  general  results. 

One  test  of  sandstone,  taken  from  what  I  consider  the  best 
ledge  in  the  Beaver  Valley  gave  a  result  of  10,133  pounds  per 
sq.  in.  This  result  is  exceptional.  The  concrete  tests  from  two 
to  two  and  a  half  years  old,  gave  results  ranging  from  3,500 
pounds  to  4,200  pounds  per  sq.  in.  Gravel  concrete.  Allegheny 
River  gravel. 

Fig.  1  shows  a  specimen  of  concrete  in  the  testing  machine 
giving  its  first  indication  of  failure.  Fig.  2  shows  a  specimen  at 
the  moment  of  final  failure.  Fig.  3  shows  a  collection  of  specimens 
which  have  been  tested  to  destruction,  showing  the  approximate¬ 
ly  conical  forms  of  the  pieces,  which  indicate  a  homogeneous 
material. 

E.  K.  Morse — Large  sized  test  pieces  indicate  better  than 
small  ones  the  real  value  of  a  stone  for  construction  purposes, 
and  if  the  test  pieces  could  approach  in  size  the  stones  used  in 
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actual  work,  they  would  be  still  more  valuable,  but,  if  it  is  de¬ 
sired  to  compare  the  strength  of  different  varieties  of  stone,  it 
is  important  that  the  test  pieces  should  be  all  of  the  same  size. 
As  the  vast  majority  of  tests  of  stones  heretofore  made,  have 
been  on  2-inch  cubes,  tests  of  larger  sizes  are  of  relatively  little 
value  for  purposes  of  comparison.  It  is  also  a  well-known  fact 
that  if  the  load  is  applied  rapidly,  the  test  will  show  greater 
strength. 

Beaver  sandstone,  which  is  used  very  largely  for  heavy 
masonry  in  this  vicinity,  varies  greatly  in  quality  now,  so  much 
having  been  taken  away  from  the  better  exposures.  Mahoning 
sandstone  from  the  northeastern  district  is  a  reliable  material  for 
heavy  work.  The  pinkish  colored  variety  is  very  fine.  The  name 
“peach  blossom”  was  at  one  time  suggested  for  it  in  the  Kis- 
kiminetas  Valley.  Mahoning  sandstone  hardens  greatly  on  ex¬ 
posure  and  then  the  darkened  rusty  surface  resists  cutting  tools 
almost  like  iron. 

Our  strongest  stone  is  the  Ligonier  block,  which  at  least,  in 
the  brown  variety,  has  stood  as  high  as  30,000  pounds  per  sq. 
in.  compression. 

Dressing  test  specimens  weakens  them  more  than  super¬ 
ficially,  therefore,  they  should  always  be  sawed. 

W.  Whited — About  17  years  ago  1  made  a  test  of  a  two- 
inch  cube  of  slate  from  the  New  Rockland  Slate  Co.  in  Canada, 
which  stood  something  over  37,000  pounds  per  sq.  in.,  without 
failure.  As  that  was  the  limit  of  the  capacity* of  the  testing 
machine,  I  cannot  say  what  its  ultimate  strength  might  have 
been.  The  test  was  made  on  an  Emery  testing  machine,  at  the 
Dominion  Bridge  Works,  Lachine,  Canada,  and  was  made  very 
slowly.  I  do  not  remember  of  having  heard  of  any  higher  result 
being  obtained  with  any  kind  of  stone. 

Jos.  A.  Shinn — In  1873  about  3,000  ft.  of  curbing  was 
quarried  from  Beaver  Valley  sandstone  and  was  not  used  until 
1876.  The  contractor  complained  that  it  cost  him  more  than 
twice  as  much  to  dress  it  as  to  dress  freshly  quarried  stone. 

In  1891  I  examined  a  country  quarry  of  sandstone  in  Holmes 
Co.,  Ohio,  and  expressed  the  opinion  that  it  was  too  soft  for 
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building  purposes.  I  was  shown  a  building  that  had  been  con¬ 
structed  of  this  stone  several  years  before  and  found  it  had  ac¬ 
quired  a  hardness  equal  to  that  of  the  best  Berea  stone.  The 
crushing*  and  transverse  strength  of  stone  should  increase  with 
increase  in  hardness. 
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DESCRIPTION  OF  WELL-KNOWN  TYPES  OF  STEAM 
TURBINES  WITH  SPECIAL  REFERENCE  TO 
THE  WESTINGHOUSE- PARSONS.* 

BY  R.  N.  EHRHART. 

The  trend  of  progress  in  steam  engineering  to-day  seems  to 
be  along  steam  turbine  lines.  A  glance  at  some  of  the  recent  con¬ 
tracts  for  large  metropolitan  power  plants  shows  what  an  impor¬ 
tant  factor  the  turbine  is  in  modern  steam  engineering. 

In  considering  the  different  types  of  turbines  before  the  en¬ 
gineering  public  it  is  only  necessary  to  examine  four  types  ;  these 
four  embrace  all  the  fundamental  principles  of  turbine  construc¬ 
tion,  and  we  may  say  that  all  turbines  are  either  combinations  or 
modifications  of  them.  The  following  are  the  four  types  to  be 
considered:  1.  De  Laval;  2.  Curtiss;  3.  Rateau ;  4.  Parsons. 

These  may  be  divided  into  two  groups :  the  De  Laval  and 
Curtiss  being  classed  as  nozzle  turbines,  and  the  Rateau  and  Par¬ 
sons  as  impulse  and  combinations  of  impulse  and  reaction  tur¬ 
bines  respectively. 

The  diverging  nozzle  is  one  of  the  features  of  both  the  De 
Laval  and  Curtiss  turbines.  The  nozzle  may  be  defined  as  a 
device  for  converting  the  thermal  energy  of  expanding  steam  into 
kinetic  energy  in  the  form  of  velocity  energy  of  the  expanding 
steam  itself ;  that  is,  if  a  pound  of  steam  expands  between  certain 
limits  in  a  properly  designed  nozzle,  it  will  issue  with  a  velocity  of 
such  magnitude  as  would  make  its  kinetic  energy  due  to  velocity 
equal  to  the  heat  energy  given  up  during  expansion,  less,  of  course, 
a  certain  small  loss  due  to  molecular  friction  of  the  particles  of 
steam  upon  themselves  and  upon  the  walls  of  the  nozzle. 

If  a  well-rounded  orifice  be  subjected  to  the  flow  of  steam 
between  the  ordinary  limits  of  engine  work,  say  165  lbs.  absolute 
initial  to  2  lbs.  absolute  back  pressure,  it  will  be  found  that  the 

*Paper  presented  before  the  Mechanical  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  Tuesday  evening.  October  11,  1004.  at 
410  Penn  avenue.  Pittsburg,  Pa. 


462  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


400  K.  W.  Westinghouse  Turbine  and  Generator. 


MECHANICAL  SECTION. 


463 


pressure  of  the  jet  at  the  point  of  exit  from  the  orifice  will  be 
about  92  lbs.  absolute  per  square  inch.  It  will  be  noted  that  92 
is  56/100  of  165.  If  the  back  pressure  is  slowly  raised  the  press¬ 
ure  of  jet  at  orifice  will  not  change  until  the  back  pressure  just 
begins  to  exceed  92  lbs. 

The  conclusion  is  that  a  simply  well-rounded  orifice  does  not 
offer  the  facilities  for  expanding  discharging  steam  to  pressure 
below  56/100  of  the  initial  pressure.  If  a  diverging  part  be 
added  to  the  outlet  of  the  well-rounded  orifice,  and  if  it  be  given 
proper  dimensions,  it  may  be  made  to  expand  the  steam  to  the 
desired  back  pressure  within  the  nozzle  itself,  and  the  steam  will 
issue  with  great  velocity  from  the  nozzle. 

The  steam  during  its  escape  has  expanded  from  a  high  press¬ 
ure  to  a  lower  one,  and  the  wrork  of  the  expansion  has  been  done 
on  no  external  object  or  substance,  but  has  been  utilized  in  accel¬ 
erating  the  mass  of  steam  itself,  so  that  the  steam  issues  with  a 
velocity  equal  to  the  energy  represented  by  the  heat  energy  given 
up  during  expansion. 

THE  DE  LAVAL  TURBINE. 

In  the  De  Laval  turbine  the  steam  is  fully  expanded  in  a  di¬ 
verging  nozzle,  and  the  steam  at  high  velocity  is  directed  against 
a  wheel  wdth  properly  proportioned  buckets  on  its  periphery.  The 
steam  velocity  is  but  partially  utilized  in  the  turbine,  because  the 
wheel  would  have  to  revolve  at  destructive  velocities  to  entirely 
ami  most  efficiently  absorb  the  steam  velocity  under  ordinary  con¬ 
ditions.  Under  conditions  of,  say  a  28-inch  vacuum  and  200  lbs. 
absolute  initial  pressure,  we  get  velocities  exceeding  4,000  feet 
per  second,  which  is  far  higher  than  the  muzzle  velocity  of  mod¬ 
ern  high  power  artillery. 

However,  the  form  of  turbine  has  been  so  perfected  along 
mechanical  lines  that  it  is  eminently  successful  as  a  form  of  steam 
motor  for  small  sizes. 

The  standard  form  of  this  turbine  is  a  turbine  wheel  revolv¬ 
ing  at  speeds  of  from  40,000  R.  P.  M.  in  the  smallest  size  to 
about  9,000  in  the  larger  sizes.  This  is  usually  geared  down  by 
a  10  to  1  ratio  gear,  and  in  this  way  connected  to  the  generator,, 
pump  or  whatever  is  to  be  driven. 
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Governing  is  accomplished  by  an  ordinary  fly-ball  governor 

which  throttles  the  supply  of  steam. 

The  gearing  for  the  turbine  is  a  wonderful  piece  of  work, 
but  of  necessity  represents  a  loss  of  energy  due  to  unavoidable 
friction.  The  De  Laval  turbine  so  far  has  been  used  to  a  great 

extent  in  small  sizes,  such  as  20  to  50  Kilo-watts,  and  some  ma¬ 

chines  as  large  as  200  K.  W.  are  in  operation.  Above  the  latter 
figure  other  makes  of  turbine  of  direct  connected  type  seem  to  be 
preferred  by  engineers. 

THE  CURTISS  TURBINE. 

This  turbine  utiliezs  a  nozzle  or  group  of  nozzles  which  dis¬ 
charges  the  steam  at  a  relatively  very  high  velocity  against  an 
annulus  of  moving  buckets,  the  velocity  is  only  partially  absorbed, 
so  that  steam  comes  from  the  rotating  row  of  blades  with  a  very 
considerable  velocity.  A  set  of  properly  shaped  stationary  guide 
vanes  then  re-direct  the  steam  with  its  residual  velocity  against  a 
second  annulus  of  rotating  blades.  There  may  then  be  enough 
alternative  rows  of  guide  vanes  and  moving  buckets  to  entirely 
absorb  the  initial  velocity  of  the  steam.  This  may  be  carried  out 
in  stages  to  secure  lower  steam  velocities ;  for  instance,  the  first 
set  of  nozzles  will  expand  the  steam  between  the  initial  pressure 
and  a  lower  limit,  then  have  another  set  to  expand  from  the  latter 
limit  to  a  still  lower  one.  The  number  eff  rows  of  blades  in  each 
stage  is  dependent  upon  the  peripheral  speed  of  the  turbine  and  the 
pressure  limits  expanded  to. 

This  turbine  as  built  at  present  has  a  vertical  shaft  supported 
by  an  oil  step  bearing.  This  is  one  of  the  radical  points  of  the 
turbine,  and  the  merits  and  demerits  of  this  can  only  be  proven  by 
long  and  successful  operation.  This  form  of  bearing  necessitates 
the  use  of  an  auxiliary  pump  and  a  set  of  pressure  accumulators 
for  maintaining  high,  constant  oil  pressure  at  the  step  bearing. 

The  blades  in  turbines  of  the  nozzle  type  are  very  likely  to 
give  trouble  due  to  excessive  erosion.  This  wear  is  minimized 
when  superheated  steam  is  used. 

THE  RATEAU  TURBINE. 

Consider  a  great  number  of  De  Laval  turbines  connected  in 
series  as  regards  steam  flow,  but  all  turning  the  same  shaft.  This 
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may  be  taken  to  represent  the  Rateau  turbine.  Each  turbine 
wheel  revolves  in  a  separate  chamber,  in  the  wall  of  which  are 
guide  passages  which  impinge  steam  from  the  preceding  chamber 
upon  the  wheel ;  all  expansion  takes  places  in  these  guide  passages 
which  are  really  nozzles  of  the  non-diverging  order,  no  divergence 
being  needed  on  account  of  the  small  difference  of  pressure  be¬ 
tween  any  two  chambers  of  the  series.  By  having  a  great  num¬ 
ber  of  wheels  the  pressure  drop  is  small  from  one  member  to  an¬ 
other  of  the  series,  so  that  the  velocity  of  issuing  steam  at  nozzle 
outlet  is  relatively  low,  requiring  a  low  peripheral  velocity  of  tur¬ 
bine  wheel  to  effectually  utilize  said  velocity.  The  remark  may 
be  made  that  in  the  Rateau  turbine  only  part  of  the  circumference 
of  an  individual  revolving  element  is  acted  on  by  the  steam.  In 
the  Parsons  turbine  the  whole  circumference  is  in  action. 

The  steam  velocities  in  this  turbine  are  far  lower  than  in 
either  the  De  Laval  or  Curtiss.  Prof.  Rateau  lays  great  stress  on 
the  necessity  of  keeping  it  low  in  the  modern  turbine,  and  even 
goes  so  far  as  to  predict  the  dying  out  of  the  types  of  turbine  using 
steam  at  high  velocity. 

In  the  Rateau  and  Parsons  turbines  600  feet  per  second  may 
be  considered  as  the  maximum  steam  velocity. 

Inasmuch  as  friction  varies  as  some  exponent  of  the  velocity 
greater  than  two,  it  is  reasonable  to  assume  that  fluid  frictional 
losses  are  high  in  turbines  where  steam  velocity  is  high.  The 
mere  fact  of  excessive  erosion  proves  this. 

» 

THE  PARSONS  TURBINE. 

This  turbine  has  probably  met  with  greater  success  and  wider 
adoption  than  any  other  form  of  steam  turbine ;  it  dates  from  the 
early  “eighties,”  and  since  the  original  conception  has  changed  but 
little  in  its  general  make-up.  Nearly  all  work  has  been  along  the 
lines  of  improvement  of  details,  making  the  engine  perfectly  trust¬ 
worthy,  economical  and  mechanical  in  every  respect,  so  that  to¬ 
day  the  Parsons  turbine  stands  as  an  example  of  intelligent  en¬ 
gineering  along  legitimate  lines. 

The  Westinghouse  Machine  Company  some  years  ago  recog¬ 
nized  the  coming  importance  of  the  steam  turbine  as  a  prime 
mover,  and  began  an  extensive  investigation  of  turbines.  Many 
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forms  were  built  and  elaborate  experiments  made,  the  net  result 
being  the  adoption  of  the  Parsons  turbine.  The  extent  and  mag¬ 
nitude  of  the  turbine  work  at  East  Pittsburg  shows  that  the  choice 
of  the  Parsons  turbine  was  a  wise  one. 

Turbines  from  20  to  8,000  horse  power  capacity  are  under 
construction  at  East  Pittsburg.  Some  views  of  different  tur¬ 
bines,  testing*  and  erecting  shops  may  be  of  interest.  Fig.  1  shows 
a  400  K.  W.  turbine  unit,  Fig.  2  a  750  K.  W.  unit,  Fig.  3  a  1.500 
K.  W.  unit  and  Fig.  4  a  5,500  K.  W.  unit,  Figs  5  to  8  are  views 
taken  in  the  turbine  testing  and  erecting  shops  of  The  Westing- 
house  Machine  Company.  The  testing  plant  where  all  turbines 
are  given  thorough  tests  is  well  worthy  of  interest.  Brake  tests 
are  made  on  all  machines,  and  electrical  tests  where  purchasers  so 
desire.  It  is  of  interest  to  note  that  facilities  are  at  hand  to  get 
brake  loads  of  over  5,000  horse  power.  The  brakes  in  use  were 
developed  by  The  Westinghouse  Machine  Company  as  a  means  of 
making  economy  and  other  tests  requiring  load  with  the  utmost 
facility  and  accuracy. 

In  the  Parsons  turbine  there  are  alternate  rows  of  revolving 
and  stationary  blades,  each  row  being  a  complete  annulus.  Both 
sets  of  blades  are  of  practically  the*  same  shape,  material,  etc. ; 
the  heights  of  the  rows  of  blades  gradually  increase  towards  the 
exhaust  end  of  the  turbine  in  order  to  accommodate  the  increased 
volume  of  the  steam.  The  dimensions  of  the  blades  are  given  by 
theoretical  calculations  and  the  result  of  careful  experiment. 

By  referring  to  the  diagram,  Fig.  9,  it  is  seen  that  the  sta¬ 
tionary  row  of  blades  impinges  a  jet  of  steam  on  the  moving  row. 
the  tendency  being,  of  course,  to  turn  the  shaft.  Further  expan¬ 
sion  then  takes  place  in  the  moving  set  of  vanes,  and  a  jet  issues 
from  them,  the  reaction  of  which  tends  to  turn  the  shaft  again. 
Expansion  takes  place  in  both  the  moving  and  stationary  blades, 
and  we  have  both  the  impignment  of  the  jets  from  the  stationary 
blades  as  well  as  the  reaction  of  jets  from  moving  blades  to  turn 
the  shaft.  Steam  velocities  are  very  low  in  this  type  of  turbine, 
so  low  that  erosion  of  blading  is  negligible. 

Fig.  10  gives  a  general  view  of  the  Westinghouse-Parsons 
turbine.  The  rotating  part  is  seen  to  consist  of  a  cylindrical  ele¬ 
ment  in  which  the  moving  vanes  are  secured.  The  vanes  or 
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blades  are  inserted  with  the  utmost  ease  and  celerity,  but  when 
in  place  are  as  tight  as  if  an  integral  part  of  the  steel  body  or 
spindle  in  which  they  are  inserted.  This  ease  of  insertion  makes 
repairs  easy.  Cases  have  been  known  where  expanding  exhaust 
pipes  have  twisted  the  turbine  cylinder  out  of  line  resulting  in  the 
damage  of  some  blades ;  these  have  been  repaired  during  the  night 
and  the  turbine  put  into  service  as  usual  next  morning.  The 
damaged  blades  may  simply  be  chipped  out  and  machine  operated 
as  usual,  if  no  repair  material  is  at  hand.  The  small  model  shows 
thoroughly  the  method  of  blading  construction. 

The  turbine  would  have  a  strong  axial  end  thrust  towards  the 
exhaust  end  of  the  turbine  if  it  were  not  for  the  fact  that  balance 
pistons  are  put  on  the  shaft,  which  have  an  equal  and  opposite 
end  thrust.  The  leakage  of  these  balance  pistons  is  practically  a 
negligible  amount  as  compared  with  the  total  steam  going  through 
turbine,  and  what  does  occur  is  returned  to  the  working  steam  at 
the  next  lower  drum. 

It  is  rather  a  curious  phenomena  that  a  grooved  piston  re¬ 
volving  in  corresponding  grooves  in  a  cylinder  forms  an  effective 
packing  when  revolving  at  high  speeds.  The  balance  pistons  are 
grooved  and  fit  in  corresponding  grooves  in  the  cylinder  of  tur¬ 
bine.  In  Fig.  10  the  balance  pistons  are  shown  at  (P). 

The  passages  (E)  in  Fig.  10  are  equilibrium  passages.  They 
keep  the  pressure  on  the  balance  pistons  just  the  same  as  on  that 
part  .of  the  turbine  which  the  pistons  balance.  It  is  noted  that 
the  turbine  is  built  in  three  diameters ;  this  is  done  simply  be¬ 
cause  it  is  convenient ;  theoretically  there  could  be  any  number 
of  different  diameters,  or,  on  the  other  hand,  there  could  be  but 
one  diameter. 

At  (T)  Fig.  10  is  a  thrust  bearing  whose  only  use  is  to  keep 
the  spindle  or  rotating  part  in  proper  longitudinal  adjustment;  as 
the  balance  pistons  counteract  any  end  thrust,  there  is  no  duty 

whatever  on  the  thrust  bearing. 

* 

One  of  the  features  that  seems  to  appeal  very  strongly  to  en¬ 
gineers,  regarding  Westinghouse  turbines,  is  the  fact  that  no  cyl¬ 
inder  oil  is  needed  for  internal  lubrication.  The  latest  great  im¬ 
provement  in  this  line  is  the  water-sealed  frictionless  gland  which 
packs  the  shaft  where  it  comes  through  the  cylinder  ends.  These 
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glands  are  absolutely  leak-proof,  need  no  lubrication  whatever  and 
are  practically  indestructible  as  regards  wear,  as  there  are  no 
rubbing  parts.  The  advantages  of  an  engine  discharging  no  cyl¬ 
inder  oil  into  its  own  exhaust  are  apparent.  Surface  condensers 
may  be  used  with  a  closed  hot  well  system  returning  clean  con¬ 
densation  to  boilers  without  getting  it  aerated,  consequently  en¬ 
abling  the  maintenance  of  a  higher  vacuum  than  would  otherwise 
be  possible. 

The  diagrammatic  arrangement  of  governor  is  shown  in  Fig. 
ii.  The  lever  (H)  is  oscillated  from  the  end  (K).  The  gov¬ 
ernor  balls  of  course  control  the  position  of  the  point  (F),  so 
that  the  plane  of  oscillation  of  the  small  relay  valve  (A)  is  de¬ 
pendent  on  the  position  of  the  governor  balls.  The  small  relay 
valve  controls  the  motion  of  the  piston  (B),  which  is  directly  con¬ 
nected  to  the  main  inlet  valve,  which  is  marked  V  in  Fig.  io. 
When  the  plane  of  oscillation  of  the  relay  valve  is  low  the  main 
inlet  valve  opens  wide  conversely ;  when  the  plane  of  oscillation 
is  high  the  steam  inlet  valve  opens  synchronously  with  the  oscil¬ 
lation  of  the  relay  valve,  but  by  a  lesser  amount,  depending  on  the 
difference  in  plans  of  oscillation.  Every  part  of  the  governing 
mechanism  is  in  motion  at  all  times  so  that  there  is  no  friction  of 
rest  to  overcome.  In  the  present  standard  Westinghouse  tur¬ 
bines,  the  governor  levers  actuate  an  automatic  secondary  valve 
(Vs.  in  Fig.  io)  as  well  as  the  main  admission  valve.  The 
mechanism  of  the  secondary  valve  is  somewhat  similar  to  the 
main  steam  inlet  valve.  This  valve  admits  high  pressure  steam 
to  the  intei mediate  stage  of  the  turbine,  allowing  abnormal  loads 
to  be  carried.  The  Westinghouse  turbines  have  carried  ioo,^ 
overload  running  condensing  and  50#  overload  running  non¬ 
condensing.  This  is  done  without  abnormal  changes  in  speed,  so 
that  a  power  plant  equipped  with  these  turbines  would  not  have 
parallel  operation  endangered  by  a  momentary  overload  of  great 
magnitude. 

This  ability  to  carry  heavy  overloads,  and  to  carry  full  loads 
with  no  vacuum  is  of  prime  importance  to  anyone  desiring  unin¬ 
terrupted  service  for  modern  power  stations.  The  flexibility  of 
the  turbine  is  not  approached  by  any  other  form  of  steam  prime 
mover.  Absolutely  no  change  is  required  in  any  Westinghouse 
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turbine  of  any  size  for  running  under  all  manner  of  conditions, 
such  as  high  vacuum,  low  vacuum,  no  vacuum,  etc.  Of  course, 
this  infers  that  the  steam  pressure  does  not  drop  abnormally.  It 
is  generally  necessary,  to  the  successful  operation  of  large  com¬ 
pound  condensing  engines  without  a  vacuum  to  change  the  ex¬ 
haust  valve  setting  on  the  low  pressure  cylinder  to  conform  to  the 
conditions. 

Parallel  operation  with  the  steam  turbine  is  about  as  near 
perfection  as  can  be  attained.  This  motor  has  the  ideal  require¬ 
ments  for  successful  parallel  operation,  as  the  turning  torque  is 
uniform  and  the  fly-wheel  effect  of  the  turbine  and  generator  is 
such  as  to  preclude  erratic  changes  of  speed  due  to  electrical  and 
mechanical  harmonies.  With  the  style  of  governor  in  use  very 
close  regulation  may  be  obtained,  less  than  ij  per  cent,  between 
no  loads  and  full  load  is  practicable,  though  not  desirable  where 
paralleling  with  a  rapidly  fluctuating  load. 

Current  technical  literature  has  pretty  well  spread  the  idea 
that  for  passable  economy  the  turbine,  superheat,  high  boiler  press¬ 
ure  and  high  vacuum  must  go  hand  in  hand.  With  the  Parsons 
turbine  this  is  not  a  criterion,  relatively  excellent  economy  being 
given  by  machines  operating  under  low  vacuum  and  low  boiler 
pressure.  The  following  tests  exemplify  this. 

Two  groups  of  tests  are  given  below,  brake  horse  power  being 
measured  by  the  special  brakes  previously  referred  to.  One  group 
of  tests  was  made  on  turbine  No.  43,  and  shows  economy  for  vary¬ 
ing  vacuums  This  engine  is  rated  at  1,250  K.  W.,  and  is  now 
being  installed  at  the  power  house  of  the  Interborough  Rapid 
Transit  Company  of  New  York. 

The  other  group  was  made  on  engine  No.  28,  which  is  rated 
at  400  K.  W.  This  engine  is  in  steady  operation  at  Nyack, 
N.  Y.,  at  the  plant  of  the  Rockland  Light  and  Power  Company. 
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Tests  on  Westinghouse  Turbine  No.  43. 

1250  K.  W. — 1200  R.  P.  M. 


Boiler  press¬ 
ure  lbs.  gauge. 

Vacuum  In  inch¬ 
es  of  mercury 
referred  to  30- 
in.  barometer.. 

Superheat  de¬ 
grees  Fahren 
heit . 

Total  steam  con¬ 
densed  per  hour . 

Load  in  brake 
horse  power.  .  . 

Lbs.  of  steam 
per  brake  horse 
power  per  hour . 

Test  number... 

146.4 

25.OI 

None 

28902 

2008. 

14-39 

33 

148.4 

2505 

None 

16809 

IOO4.4 

16.73 

32 

147. 

26.OI 

None 

28236 

2002-3 

14.I 

34 

148.9 

26.05 

None 

16106 

1007. 

15-99 

35 

146.3 

27. 

2-3 

27248 

2005.3 

13-59 

27 

145-9 

27. 

2. 

21189 

1499.7 

I4-I3 

28 

148.7 

26.95 

2.2 

15241 

IOO4. 

1518 

29 

Tests  on  Westinghouse  Turbine  No.  28. 
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It  must  be  borne  in  mind  that  the  above  results  are  for  brake 
horse  power. 

The  result  given  by  turbine  No.  43,  as  shown  in  test  33,  is 
certainly  very  good.  The  production  of  a  brake  horse  power  on 
14.39  pounds  of  steam,  with  as  low  a  vacuum  as  25  inches  shows 
the  turbine  to  be  an  economical  engine  under  low  vacuum  condi¬ 
tions.  The  increased  economy,  however,  is  noted  as  the  vacuum 
rises. 

Tests  on  turbine  28  show  that  good  results  may  be  attained 
under  what  might  be  termed  bad  “all  around”  conditions.  The 
boiler  pressure  and  vacuum  are  both  low,  yet  a  brake  horse  power 
is  produced  on  15.41  lbs.  of  steam. 

The  question  as  to  whether  superheat  is  a  paying  investment 
in  any  power  plant  seems  to  be  still  an  open  question,  the  conten- 
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Fig.  9.  Diagrammatic  Representation  of  Buckets  in  Westinghouse- Parsons  Turbine. 
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tion  being  that  the  extra  cost  of  superheating  combined  with  the 
depreciation  of  value  on  the  extra  outlay  of  apparatus,  more  than 
overbalances  the  decreased  steam  consumption  of  the  engine 
equipment. 

However,  the  marked  increase  in  steam  economy  of  the  tur¬ 
bine  shows  that  if  superheating  pays,  the  turbine  offers  better  fa¬ 
cilities  for  taking  advantage  of  the  resulting  benefits  than  any 
other  form  of  steam  motor. 

The  following  tests  made  by  Messrs.  Dean  and  Main,  Consult¬ 
ing  Engineers,  Boston,  on  a  400  K.  W.  Westinghouse  turbine, 
show  the  great  increase  in  economy  due  to  superheat.  These  tests 
were  made  at  East  Pittsburg  at  approximately  ij  load: 
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The  figure 

11.17  ls  truly  remarkable  for  an  engine  of  this  size. 

This  represents 

an  increase 

of  economy  of  nearly 

20  per  cent,  by 

superheating  approximately  180  degrees  Fahrenheit. 

The  operation  of  turbines  without  a  vacuum  has  to  be  con¬ 
sidered  from  two  points  of  view. 

First.  Where  the  turbine  is  designed  to  operate  without 
vacuum. 

Second.  Where  the  turbine  is  designed  to  operate  with 
vacuum  and  has  to  operate  in  times  of  emergency  for  varying  pe¬ 
riods,  without  a  vacuum. 

To  design  a  turbine  to  operate  without  a  vacuum  is  a 
comparatively  simple  matter,  and  a  machine  of  satisfactory 
efficiency  may  be  easily  built.  Some  idea  may  be  gotten  of 
the  efficiency  of  a  non-condensing  turbine  by  reference  to  the 
following  figures.  These  tests  were  made  on  a  1250  K.  W. 
turbine,  which  had  the  shaft  denuded  of  the  lower  pressure 
part  of  turbine.  The  results  given  by  such  a  combination, 
while  not  as  good  as  what  could  be  expected  from  a  machine 
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Fig.  10,  Sectional  View  of  Westinghouse  Turbine. 
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designed  especially  for  the  conditions,  nevertheless  show 
that  the  non-condensing  turbine  has  a  broad  field  of  useful¬ 
ness. 


Test  of  1250  K.  W.  Condensing  Turbine  No.  43. 

With  high  pressure  part  only  in  operation — 1200  R.  P.  M. 
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The  figure  24.05  is  by  no  means  bad  and  represents 
about  what  a  750  K.  W.  turbine  would  do  when  designed  for 
non-condensing  operation. 

The  greatest  test  of  the  turbine  designers’  skill  is  the 
production  of  a  turbine  combination  that  will  give  the  maximum 
efficiency  when  running  condensing  and  give  as  nearly  as  possi¬ 
ble,  the  best  economy,  when  emergency  demands  non-condensing 
operation.  The  Westinghouse  Machine  Company  has  endeav¬ 
ored  to  meet  the  above  qualifications  in  their  turbines.  The  fol¬ 
lowing  figures  show  how  well  they  have  succeeded : 


Test  on  Turbine  No.  59. 

750  K.  W.— 1800  R.  P.  M. 


Boiler  press¬ 
ure  lbs.  gauge. 

Vacuum  in  inch¬ 
es  of  mercury 
referred  to  30- 
in.  barometer.  . 

Superheat  de¬ 
grees  Fahren 
heit . 

Total  steam  con¬ 
densed  per  hour 

Brake  horse 
power . 

Lbs.  of  steam 
per  brake  horse 
power  per  hour. 

Test  number.  .  . 

150.9 

27.85 

99.72 

20202 

1554 

12.99 

1 1 

I5I.4 

28.OI 

99.07 

13808 

III5-I 

12.38 

12 

150.8 

28.07 

102.6 

9450 

712. 

13.27 

19 

149-4 

None 

85.33 

36248 

1544 

234 

24 

153.5 

None 

93.9 

18308 

761 

24.06 

22 

144.5 

None 

96.68 

12065 

397-7 

30.33 

23 
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The  above  figures  show  that  the  condensing  turbine, 
when  running  without  a  vacuum,  is  a  fairly  economical  en¬ 
gine.  With  saturated  steam  and  no  vacuum,  the  above  tur¬ 
bine  produced  a  brake  horse  power  on  about  28  pounds  of 
steam  per  hour. 

It  must  be  borne  in  mind  that  the  above  engine  was  of 
the  standard  condensing  type  and  that  absolutely  no  change 
of  any  character  was  made  to  meet  the  different  conditions 
of  operation.  The  above  machine  is  part  of  the  Boston  Navy 
Yard  equipment. 

Fig.  12  shows  the  results  of  the  tests  in  a  graphical  man¬ 
ner.  Other  tests  are  incorporated  as  well,  showing  some  of 
the  economy  characteristics.  The  great  overload  capacity, 
due  to  the  secondary  valve,  is  well  illustrated  by  these  curves. 
This  valve  comes  into  operation  at  the  point  of  inflection  of 
the  respective  curves.  Referring  to  curve  D,  it  is  noted  that 
from  about  500  to  2100  brake  horse  power,  the  water  rate  per 
brake  horse  power  is  under  14  lbs.  and  even  goes  as  low  as 
12.39. 

From  the  foregoing,  it  is  evident  that  the  Westinghouse- 
Parsons  steam  turbine  as  an  operative  mechanism,  is  eminent¬ 
ly  economical,  under  all  conditions  of  operation  and  that  its 
extreme  flexibility  recommends  it  to  the  first  place  among 
steam  prime  movers. 

Assuming  the  validity  of  the  above  conclusions,  there  re- 
mains  the  following  considerations  other  than  steam  economy 
and  flexibility,  which,  if  fulfilled  by  the  turbine,  in  a  favor¬ 
able  manner,  put  this  type  of  engine  forward  as  one  of  the 
most  useful  and  applicable  developments  of  modern  engineer¬ 
ing.  The  considerations  above  mentioned,  would  seem  to 
arrange  themselves  in  natural  order,  as  follows:  1st.  Re¬ 
liability.  2nd.  Permanence.  3rd.  Economy  of  maintenance. 
4th.  Economy  of  attendance.  5th.  Economy  in  the  use  of 
oil.  6th.  Economy  as  regards  foundation  and  building  ex¬ 
penses.  7th.  Celerity  and  ease  of  erection. 

Reliability.  Many  articles  have  come  to  the  attention  of  en¬ 
gineering  readers  with  reference  to  the  respective  merits  of 
the  steam  turbine  and  reciprocating  engines.  Nearly  all  these 
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articles  dwelt  at  length  on  the  question  of  steam  economy, 
and  few  of  them  touched  on  the  problem  that  interests  the 
engineer  engaged  in  power  generation  to  the  greatest  ex¬ 
tent.  One  of  the  prime  merits  of  the  turbine  is  its  reliability. 
Accidents,  of  course,  have  happened  to  turbines;  practically 
all  the  trouble  that  has  been  associated  with  a  few  of  the 
Westinghouse  turbines  was  attributable  to  one  source.  The 
cause  of  this  has  been  eliminated  by  proper  alteration  of  de¬ 
sign.  The  best  evidence  of  reliability,  in  turbines,  is  the 
duplication  of  a  single  turbine  installation  by  another,  after 
the  performance  of  the  first  has  been  carefully  noted.  As  an 
example  of  this  we  might  name  The  Yale  &  Towne  Manfg. 
Co.,  Westinghouse  Air  Brake  Company,  Hartford  Electric 
Light  Company,  and  the  De  Beers  Mining  Co.,  of  Kimberly, 
South  Africa,  who  after  operating  two  1000  K.  W.  machines 
for  nearly  two  years,  have  ordered  a  1500  K.  W.  unit. 

It  is  a  very  common  occurrence  for  a  turbine  to  have  un¬ 
interrupted  runs  of  many  weeks’  duration.  A  Parsons  turbine, 
built  by  Brown,  Boveri  &  Co.,  of  Baden,  Switzerland,  is 
credited  with  an  uninterrupted  run  of  a  year’s  duration. 

Permanence.  As  steam  velocities  are  very  low  there  is  no 
danger  of  blade  erosion  in  the  Parsons  turbine.  The  bearings 
do  not  wear  by  any  appreciable  amount.  Mr.  F.  A.  Waldran 
calls  attention  to  this  in  his  recent  paper  before  the  A.  S.  M. 
E.  Repeated  tests  show  that  the  turbine  does  not  deteriorate 
as  regards  efficiency,  after  long  operation.  This  is  far  from 
true,  with  the  reciprocating  engine,  where  the  parts,  such  as 
valves,  piston  rings,  etc.,  all  tend  to  wear  and  make  the  econ¬ 
omy  worse  after  lengthy  operation.  As  the  bearings  and 
blades  are  about  all  that  could  possibly  wear  excessively,  we 
may  conclude  that  wear  is  a  minimum.  Cases  have  been  known 
where  slugs  of  water  have  passed  through  turbines  without  injur¬ 
ing  them  in  the  least.  It  is  probable  that  turbines  in  this  respect 
have  stood  punishment  that  would  certainly  wreck  reciprocating 
engines. 

Economy  of  Maintenance.  Experience  has  shown  that  the 
repairs  on  a  turbine  plant  are  very  low.  This  is  perfectly 
natural  when  the  simplicity  of  the  outfit  is  taken  into  con¬ 
sideration.  The  generators  have  shown  remarkable  ability 
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to  stand  heavy  overloads  without  excessive  heating  and  con¬ 
sequent  damage. 

Economy  of  Attendance.  The  simplicity  of  the  turbine  makes 
the  cost  of  attendance  a  minimum.  As  an  example,  the 
writer  can  cite  a  case  where  a  switch-board  attendant  who 
has  1 2  rotary  converters  to  look  after,  also  acts  as  engineer 
and  switch-board  attendant  for  a  400  K.  W.  Westinghouse 
turbine.  The  rotary  converters  are  driven  from  a  water 
power  plant  some  miles  away. 

Economy  in  Use  of  Oil.  The  Westinghouse  turbine  uses  no 
cylinder  oil,  so  that  a  marked  reduction  of  expense  over  re¬ 
ciprocating  engines  is  due  to  this  item  alone.  The  method  of 
journal  lubrication  is  to  use  an  oil  pump,  driven  by  the  tur¬ 
bine  itself,  to  circulate  oil  from  a  central  reservoir  through 
the  bearings,  the  oil  being  returned  to  the  reservoir.  Returns 
from  a  large  number  of  users  of  Westinghouse  turbines,  show 
that  the  turbines  use  about  ^  gallon  of  oil  per  Kilo-watt  year, 
or  it  may  be  roughly  stated  that  the  cost  of  oil  for  a  400  K. 
W.  turbine,  in  steady  operation,  is  about  5  cent  a  day.  Such 
results  can  not  be  approached  by  reciprocating  engines. 

Economy  as  Regards  Foundation  and  Building  Expenses. 
To  the  engineer  familiar  with  the  ponderous  foundation  for 
reciprocating  engines,  a  steam  turbine  foundation  seems  re- 
diculous  on  account  of  the  little  there  is  of  it.  All  that  is 
needed  is  a  permanent  foundation,  strong  enough  to  support 
the  dead  weight  of  the  turbine  outfit.  As  all  motion  is  that  of 
rotation  of  balanced  cylinders,  no  foundation  bolts  are  re¬ 
quired.  Fig.  13  shows  the  relatively  small  floor  space  need¬ 
ed  for  installing  Westinghouse  turbines.  This,  of  course,  de¬ 
creases  the  expense  of  building  to  a  proportionate  extent. 

The  maximum  height- above  the  floor  level  of  a  5500  K. 
W.  outfit  is  only  14  feet,  a  great  contrast  to  the  towering  frames 
of  large  reciprocating  engines. 

Celerity  and  Ease  of  Erection,  It  is  very  often  distress¬ 
ing  for  a  purchaser  to  have  to  wait  for  periods  of  varying 
length  of  time  for  the  operative  stage  of  a  machine,  after  it 
has  been  delivered  to  him.  Turbines  due  to  their  compact 
form  and  simplicity  are  very  easy  to  erect,  practically  all 
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that  need  be  done  is  to  carefully  level  and  align  the  turbine 
to  condenser  and  steam  pipes.  It  is  the  custom  of  the  West- 
inghouse  Machine  Company  to  ship  the  turbine  complete  on 
its  bedplate,  where  the  size  is  not  prohibitive. 

The  writer  knows  of  a  400  Kilo-watt  turbine  having  been 
put  on  its  foundation,  connected  to  condenser  and  made  ready 
to  run  in  twenty-seven  hours. 

In  conclusion  we  might  say  that  the  Westinghouse-Par- 
sons  turbine,  as  it  stands  to-day,  is  a  machine  intended  to 
withstand  the  heavy  requirements  of  modern  power  genera¬ 
tion,  and  that  it  is  essentially  the  machine  of  to-day  and  need 
not  be  relegated  to  the  future.  Its  worth  has  been  proven  by 
years  of  service  under  the  most  exacting  conditions.  Lord 
Kelvin  is  quoted  as  considering  the  steam  turbine  as  the 
greatest  engineering  development  of  the  last  century. 
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THIS  SOCIETY  DOES  HOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  HE H BE R S 


The  two  hundred  and  fortv-ninth  regular  meeting  of  the 
Engineers’  Society  of  Western  Pennsylvania,  was  held  at  the 
Society’s  House,  410  Penn  Ave.,  Pittsburg,  Pa.,  Tuesday  even¬ 
ing,  November  15th,  1904.  at  8  P.  M.,  President  J.  M.  Camp 
in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  report  that  they  had  approved  of 
the  following  applications  for  membership  and  present  the  same 
to  the  Society  for  action. 


name. 


H.  A.  BERG, 


A.  S.  CAMACHO, 


T.  P.  DAVIES, 


C.  F.  DRAKE, 


F.  E.  FIELD, 


OCCUPATION  AND  ADDRESS. 

Carnegie  Hotel, 

Munhall,  Pa. 

1501  Park  Bldg., 

Pittsburg,  Pa. 

-  P.  O.  Box  469,  - 

Duquesne,  Pa. 

Superintendent, 

5700  Hays  Street, 
Pittsburg,  Pa. 

Engineer, 

618  N.  St.  Clair  Street, 
Pittsburg,  Pa. 


HERBERT  HALLSWORTH,  215  Biddle  Ave., 

Wilkinsburg,  Pa. 


GEO.  K.  HAMFELDT, 


E.  D.  LELAND, 


Rankin,  Pa. 


168  Craig  St., 
Pittsburg,  Pa. 


ENDORSED  BY. 
Wm.  Ahlen, 
Wm.  H.  Baily, 

J.  M.  Camp. 

T.  F.  Webster, 

J.  Merrill, 

G.  T.  Barnsley. 

Wm.  Ahlen, 
W111.  H  Baily, 

J.  M.  Camp. 

{Morris  Knowles, 
Geo.  T.  Barnsley, 
Jas.  M.  Camp. 

{Morris  Knowles, 
M.  M.  Manneese, 
J.  M.  Rice. 

S.  R.  Bachtel, 

P.  A.  Young, 

H.  D.  Lufkin. 


! 


Wm.  Ahlen, 
W111.  H.  Baily, 
J.  M.  Camp. 


Wm.  M.  Welch, 
Paul  L.  Hay, 

.  Samuel  Diescher. 
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JAS.  SCOTT  McBRIDE,  -  Carnegie  Steel  Co.,  - 

Clairton,  Pa. 

DONALD  Mel.  NAISMITH,  6312  Butler  St., 

Pittsburg,  Pa. 


T  Geo.  L-  Collord, 

\  J.  G.  Lanning, 

{  Chas.  H.  Rich. 

{Samuel  Diescher, 
Alfred  Diescher, 
C.  H.  Sample. 


{Samuel  Diescher, 
G.  E.  Flanagan, 

_  G.  T.  Barnsley, 

h.,  217  Edgewood  Ave.,  Dayton,  Ohio. 

fj.  L.  Klindworth, 

RICHARD  P.  THATCHER,  325  Spahr  St.,  -  -j  G.  E.  Flanagan, 

Pittsburg,  Pa.  (  Alex.  L.  Hoerr. 


It  was  moved,  seconded  and  carried  that  the  Secretary  cast 
a  ballot  electing  these  applicants  to  membership. 

President — Is  the  Committee  on  the  death  of  Mr.  Arthur 
Kirk  ready  to  report? 

Mr.  Samuel  Diescher,  Chairman  of  the  Committee  reads  re¬ 
port  on  Mr.  Kirk’s  death  as  follows : 

Arthur  Kirk,  a  member  of  this  society  since  March,  1882, 
died  on  September  26,  1904,  in  the  80th  year  of  his  age,  at  his 
residence  in  Sharpsburg.  Surviving  him  is  his  widow  with  four 
children  and  ten  grandchildren. 

Born  in  Lanarkshire,  Scotland,  as  was  his  wife,  Marv 
Lawrence,  Mr.  Kirk  came  here  in  1839;  they  were  married  in 
1848  and  lived  in  Allegheny.  He  worked  in  the  cotton  mill, 
then  kept  a  grocery  store  on  Federal  St.,  and  later  participated 
in  the  rapid  development  of  petroleum  up  the  Allegheny  river. 

In  1867  he  entered  into  business,  dealing  with  high  ex¬ 
plosives,  and  later  established  the  manufacture  of  dynamite  and 
powder,  and  when  he  retired  from  business  last  year,  the  firm 
of  A.  Kirk  &  Sons  had  extensive  interests  in  blasting  powder 
works  elsewhere  also. 

Mr.  Kirk  was  ardent  in  all  social  relations  and  his  personal 
efforts  for  public  improvements  were  exceeded  by  no  man’s. 
He  was  positive  as  a  United  Presbyterian  and  Prohibitionist, 
and  was  a  leading  member  in  the  Robert  Burns’  and  other 
Scottish  societies.  The  local  civil  war  veterans  knew  him  to  do 
him  honor  as  their  active  friend,  and  the  town’s  children  loved 
him.  His  example  in  advancing  Sharpsburg  as  a  municipality 
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brought  in  other  strong  men  to  aid,  but  his  was  ever  the  inde¬ 
fatigable  working. 

Mr.  Kirk  very  early  espoused  the  cause  of  river  improve¬ 
ment  by  the  general  government,  and  he  was  the  inventor  of  a 
movable  dam,  as  were  others  of  us  makers  of  such  designs  for 
which  there  was  a  call.  But  some  there  were  who  wanted  no 
interference  with  the  river’s  regime  and  its  irregular  navigation 
attended  with  extremes  of  profit  and  loss,  and  bitter  were  they 
if  they  could  dub  the  advocate  “a  patent  monger.”  Of  course, 
they  subsided  seeing  “the  light  of  expediency,”  but  only  quickly 
to  emerge  claiming  championship  when  the  first  dam  was  com¬ 
pleted. 

But  of  Arthur  Kirk  as  a  champion  of  good  roads  in  Penn¬ 
sylvania  most  of  us  here  have  the  recollection.  He  worked  and 
spent  his  money  in  printing  to  enlighten  the  people  and  the 
legislature,  singly  offering  the  draft  of  a  general  road  law  at 
every  session.  His  appeal  to  our  society  was  to  join  in  demand¬ 
ing  system  in  the  laying  out,  the  making,  and  the  up-keeping  of 
the  public  roads,  and  particularly  that  all  the  work  should  be 
directed  bv  engineers.  His  travels  in  Europe  had  for  their  main 
purpose  the  study  of  foreign  institutions  promoting  permanent 
highways.  At  our  Pittsburg  Exposition  he  twice  exhibited  the 
large  sets  of  typical  paving  blocks,  etc.,  he  had  imported  from 
several  countries  to  teach  our  people  more  than  they  wanted  to 
know. 

It  is  a  satisfaction  to  record  that  some  of  11s  aided  him  un¬ 
deterred  by  “the  silent  smile  of  slow  disparagement”  in  op¬ 
position,  and  wrote  into  the  Society’s  proceedings,  descriptive 
and  suggestive  reports  for  which  the  normal  object  lessons  were 
given  us  by  Arthur  Kirk ;  and  now  again  we  see  his  original  idea 
forming  a  movement  that  the  road-making  be  directed  by  town¬ 
ship  and  county  engineers  under  the  revolutionary  system  war¬ 
ranted  by  the  new  legislation,  allowing  state,  county  and  town¬ 
ship  pecuniary  co-operation. 

Tlie  family  of  Arthur  Kirk  prize  the  autograph  letter  of 
condolence  they  have  received  from  Andrew  Carnegie,  and  we 
may  touch  this  grace  of  sympathy  in  adding  appreciation  as 
both  men  have  been  among  the  oldest  membership  of  our  society, 
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to  recall  their  following  each  ether  in  doing  youthful  manual 
labor  for  the  bare  living  wages  afforded  at  that  cotton  mill  that 
was  soon  to  be  a  decayed  local  industry,  but  no  doubt  gave  train¬ 
ing  for  something  better.  And  we  may  couple  the  two  men, 
tho’  apart  in  years,  as  having  signally  the  inborn  adaption  and 
tenacity  of  purpose  of  their  race,  but  with  the  pursuit  of  an  ideal 
in  their  careers — the  uplift  of  humanity. 

Honor  to  Arthur  Kirk  and  peace  to  his  ashes ! 

F.  Z.  SCH  ELLEN  BERG, 

Chas.  Davis, 

Samuel  Diescher, 

Committee. 

It  was  moved,  seconded  and  carried  that  these  resolutions 
be  entered  in  the  minutes  of  the  Society  and  a  copy  sent  to  the 
family. 

President — Is  the  Committee  ready  to  report  on  how  Mr. 
Sibert  procured  his  invitation  to  read  a  paper  before  this  Society  ? 

REPORT  OF  COMMITTEE  ON  MAJOR  WILLIAM  L. 
SIBERT,  UNION  BRIDGE  COMPANY,  EN¬ 
GINEERS'  SOCIETY  OF  WESTERN  PA. 

Pittsburg,  Pa.,  November  io,  1904. 

Mr.  President  and  Members  of  the  Engineers'  Society  of 

Western  Pennsylvania. 

Gentlemen — Your  committee  appointed  to  inquire  into  the 
truth  of  the  charges  made  by  the  attorneys  of  the  Union  Bridge 
Company,  embodied  in  Section  Eight  of  the  brief  filed  with  the 
office  of  Secretary  of  War,  entitled,  “In  the  matter  of  Union 
Bridge  across  the  Allegheny  River,  at  Pittsburg,  Pa.,”  namely : 

“Section  Eight.  Some  time  in  the  first  half  of  the  year  1902, 
Captain  Sibert  prepared  an  address  upon  ‘Full  Use  of  the  Rivers 
at  Pittsburg  and  the  Removal  of  Obstructions  to  Such  Use,’  and 
somehow  or  other  procured  an  invitation  to  read  the  address  be¬ 
fore  the  Engineers’  Society  of  Western  Pennsylvania,  which  he 
did,  at  its  meeting  upon  September  23rd,  1902.  In  this  address, 
he  proposed  the  rebuilding  or  raising  of  all  bridges  over  the 
Allegheny  River  between  the  cities  of  Pittsburg  and  Allegheny, 
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and  presented  detailed  plans  showing  how  he  would  do  the  work 
at  each  bridge,  etc.” 

We  submit  the  following  facts : 

1.  Mr.  Richard  Hirsch,  Chairman  of  the  Program  Com¬ 
mittee,  requested  Major  Sibert  by  letter  to  read  a  paper,  and  was 
not  approached  directly  or  indirectly  by  Major  Sibert,  requesting 
the  privilege  to  force  his  views  upon  the  engineers  or  the  public. 

2.  Major  Sibert  was  one  of  the  several  who  were  requested 
bv  Mr.  Hirsch  to  present  papers  on  the  different  phases  of  the 
bridge  and  navigation  problem  of  the  Allegheny  River  at  Pitts¬ 
burg,  and  on  the  same  evening  that  his  paper  was  read,  others, 
bearing  on  the  same  subject,  were  presented. 

3.  Major  Sibert  was  not  a  member  of  our  society  at  the 
date  the  invitation  was  extended  to  him,  July  7th,  1902,  but  is 
now  an  acceptable  member. 

4.  The  brief  for  Union  Bridge  Company  published  in  the 
Pittsburg  Gazette  of  October  8,  1904,  so  far  as  it  reflects  on 
Major  Sibert’s  relations  to  this  Society,'  past  and  present,  and 
the  members  of  the  Society,  is  wholly  untruthful,  misleading,  and 
did  not  emanate  from  the  pen  of  a  gentleman  seeking  the  truth. 

5.  The  circumstances  leading  up  to  Major  Sibert  receiv¬ 
ing  an  invitation  to  read  a  paper,  are  clearly  set  forth  in  Mr. 
Richard  Hirsch’s  letter  of  November  5th,  1902,  addressed  to  Mr. 
E.  K.  Morse,  a  copy  of  which  is  attached. 

6.  We  feel  it  the  duty  of  this  Society  to  ask  the  Chief  of 
Engineers  of  the  War  Department,  General  Alexander  Mac- 
Kenzie,  to  strike  from  the  records  of  his  department,  all  that  part 
of  the  brief  reflecting  on  Major  Sibert  and  this  Society,  and  to 
return  the  said  report  to  those  drafting  same,  for  that  purpose. 

7.  We  request  that  a  copy  of  this  report  and  the  Society’s 
action  on  same  be  sent  to  General  MacKenzie. 

All  of  which  is  respectfully  submitted. 

E.  K.  Morse,  Chairman. 
Samuel  Diesciier, 

PI.  J.  Lewis, 


Committee. 
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Pittsburg,  Pa.,  July  7,  1902. 

Captain  William  L.  Sibert, 

United  States  Government  Engineer, 

Federal  Building,  Pittsburg,  Pa. 

Dear  Sir — At  the  September  meeting  of  the  Engineers’  So¬ 
ciety  of  Western  Pennsylvania,  the  Program  Committee  will  pre¬ 
sent  a  paper  on  the  construction  of  the  new  double  deck  bridge 
of  the  P.  R.  R.,  crossing  the  Allegheny  River,  in  this  city. 

In  connection  therewith,  we  should  be  very  much  pleased  to 
have  you  contribute  a  short  paper  or  article  in  regard  to  the  Re¬ 
strictions  or  Regulations  imposed  in  the  construction  of  such 
structures,  by  the  United  States  Government. 

Any  matter  which  you  might  be  pleased  to  offer  in  regard 
to  height  and  width  of  spans,  or  the  proposed  raising  of  bridges 
on  our  local  rivers,  or  anything  in  regard  to  Harbor  Lines,  would 
add  much  interest  to  the  discussion  of  this  subject  at  our  meet¬ 
ing  and  would  be  very  acceptable  to  the  Program  Committee. 

Trusting  that  I  may  have  your  favorable  reply,  I  am, 

Very  truly  yours, 

Richard  Hirsch, 

Chairman  Program  Committee. 

1318  5*  Ave.,  Pittsburg,  Pa. 

Pittsburg,  Pa.,  July  22,  1902. 
Captain  William  L.  Sibert, 

United  States  Government  Engineer, 

Federal  Building,  Pittsburg,  Pa. 

Dear  Sir — I  am  very  much  pleased  to  have  your  ki-nd  favor 
of  July  8th,  in  which  you  state  it  will  be  a  pleasure  to  you  to 
contribute  a  paper  on  the  question  of  Regulations  imposed  by  the 
United  States  Government,  in  the  construction  of  bridges  over 
our  local  rivers. 

This  will  be  a  valuable  addition  to  our  program  for  our 
meeting,  and  I  wish  to  thank  you  very  much  for  the  kindly  in¬ 
terest  you  are  taking  in  the  work  of  the  Engineers’  Society  of 
Western  Pennsylvania. 

At  your  earliest  convenience,  I  would  be  pleased  to  have 
you  send  me  a  very  brief  synopsis  of  your  paper,  for  our  use  in 
issuing  the  announcements  for  the  meeting  and  subjects  for  paper. 
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This  synopsis  would  merely  mention  a  few  of  the  sub-divisions 
or  headings  of  your  subject  matter. 

Very  sincerely  yours, 

Richard  Hirsch, 

1318  5th  Ave., 
Pittsburg,  Pa. 

Pittsburg,  Pa.,  July  22,  1902. 

Mr.  E.  K.  Morse, 

904  Carnegie  Bldg.,  Pittsburg,  Pa. 

Dear  Sir — At  the  September  meeting  of  the  Engineers’  So¬ 
ciety,  Mr.  E.  A.  Amaden,  of  the  American  Bridge  Co.,  will  read 
a  paper  on  the  Construction  of  the  New  Double  Deck  Bridge  of 
the  P.  R.  R.  in  this  city,  and  Captain  William  L.  Sibert,  of  the 
United  States  Corps  of  Engineers,  has  kindly  consented  to  give 
us  a  paper  on  the  Government  Restrictions  and  Regulations,  in 
the  matter  of  height  of  bridges,  width  of  spans,  etc. 

In  connection  with  this  subject,  we  would  be  very  much 
pleased  to  have  you  contribute  a  short  paper  or  article  on  this 
general  subject  of  bridges,  crossing  our  local  rivers  particularly, 
in  the  matter  of  height,  width  of  spans,  and  other  matter  pertain¬ 
ing  thereto.  This  is  a  subject  in  which  I  know  you  are  much 
interested,  and  we  would  like  to  have  you  write  us  a  short  paper 
for  this  meeting. 

Ploping  to  have  your  favorable  reply,  and  thanking  vou  in 
advance  for  any  information  you  may  be  pleased  to  give  us,  I 
am,  Very  truly  yours, 

Richard  Hirsch, 
Chairman  Program  Committee, 
1318  5th  Ave.,  Pittsburg,  Pa. 

Pittsburg,  Pa.,  August  2,  1902. 

Mr.  Richard  Hirsch, 

Chairman  Program  Committee,  Engineers’  Society  of  West¬ 
ern  Pennsylvania, 

1318  5th  Ave.,  Pittsburg,  Pa. 

Dear  Sir — In  compliance  with  your  request  of  July  22,  1902, 
the  following  is  a  brief  synopsis  of  the  short  paper  that  I  will 
contribute  at  the  September  meeting  of  your  society : 
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The  function  of  the  rivers  in  maintaining  Pittsburg’s  pres¬ 
ent  industrial  supremacy. 

Rules  and  Regulations  concerning  the  bridging  of  naviga¬ 
ble  waters. 

The  Harbor  of  Pittsburg: 

1.  Its  full  use  and  obstructions  preventing  such  use. 

2.  A  preliminary  study  of  the  practicability  of  removing 

such  obstructions.  Very  respectfully  yours, 

William  L.  Sibert. 


Pittsburg,  Pa.,  November  4,  1904. 

Mr.  Richard  Hirscii, 

5634  Margaretta  St.,  Pittsburg,  Pa. 

Dear  Sir — Enclosed  you  will  find  copies  of  correspondence, 
respecting  the  article  that  Major  Sibert  read  before  the  En¬ 
gineers’  Society,  which  unfortunately  does  not  contain  the  letter 
of  July  8th,  written  by  Major  Sibert,  and  which  I  have  not  as 
yet  been  able  to  obtain. 

I  wish  to  know  how  it  came  about  that  Major  Sibert  was 
requested  to  read  a  paper,  and  if  directly  or  indirectly  his  name 
was  suggested  to  you,  or  did  you  introduce  this  subject  first 
yourself?  According  to  an  article  which  appeared  in  the  Pitts¬ 
burg  Gazette,  of  October  8th,  it  would  appear  that  Major  Sibert 
availed  himself  of  this  opportunity  to  force  himself  on  the  public. 

I  am  appointed  chairman  of  a  committee  of  three  to  lay  all 
the  facts  before  the  next  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania,  and  any  light  you  can  throw  on  the  sub¬ 
ject  will  be  appreciated.  Yours  truly, 

E.  K.  Morse. 


Pittsburg,  Pa.,  November  5,  1904. 

Mr.  Edwin  K.  Morse, 

Civil  Engineer, 

Farmers  Bank  Bldg.,  Pittsburg,  Pa. 

Dear  Sir — I  have  your  letter  of  November  4th  asking  me 
how  it  came  about  that  Major  Sibert  was  requested  to  read  a 
paper  before  the  Engineers’  Society,  and  enclosing  copies  of  let¬ 
ters  written  by  me  in  reference  to  same. 
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In  reply  thereto  I  would  state  that  at  the  June  meeting 
(1902)  of  the  Society  we  presented  a  number  of  papers  describ¬ 
ing  the  new  terminal  improvements  of  the  Pennsylvania  Rail¬ 
road.  These  papers  covered  the  several  subjects:  Power  Plant, 
Approaches  and  Site,  Design  of  Station,  and  Switches  and  Sig¬ 
nals.  The  Program  Committee  has  also  arranged  with  Mr.  E. 
A.  Amaden  to  read  a  paper  at  this  same  meeting,  describing  the 
new  double  deck  bridge  of  the  Pennsylvania  Railroad  crossing 
the  Allegheny  River  at  Eleventh  St.  From  reasons  which  I  do 
not  now  recall,  Mr.  Amaden  was  unable  to  fulfill  his  engagement 
and  the  presentation  of  his  papers  was  postponed  until  the  Sep¬ 
tember  meeting. 

As  it  had  been  our  custom  during  that  year  to  have  at  each 
meeting  three  or  four  papers  dividing  the  general  topic  of  dis¬ 
cussion  into  as  many  subdivisions,  and  as  we  now  found  that  we 
had  but  one  paper  provided  for  the  September  meeting,  we  look¬ 
ed  about  for  others  bearing  on  the  same  general  subject,  and  pro¬ 
cured  several  additional  papers,  all  of  which  appear  in  the  pro¬ 
ceedings  of  the  Society  for  the  month  of  October,  1902.  It  was 
in  connection  with  this  work  that  I  wrote  to  Major  William  L. 
Sibert,  who  was  then  a  total  stranger  to  me,  stating  that  we  had 
arranged  for  a  paper  describing  the  new  Pennsylvania  Railroad 
bridge  and  asked  him  to  contribute  a  paper  touching  upon  the 
restrictions  imposed  by  the  United  States  Government,  regulat¬ 
ing  the  construction  of  such  structures,  and  requested  the  pre¬ 
sentation  of  any  matter  relating  to  the  height  and  width  of  spans, 
the  proposed  raising  of  bridges  on  our  local  rivers  or  anything 
that  would  add  interest  to  the  general  subject.  This  is  the  sub¬ 
stance  of  my  letter  of  July  7,  ’02. 

In  my  letter  of  July  22,  1902,  addressed  to  Major  William 
L.  Sibert,  I  acknowledged  receipt  of  his  letter  of  July  8th.  in 
which  he  stated  that  he  would  comply  with  my  request  and  would 
read  a  paper  on  the  subject  under  discussion.  Unfortunately,  I 
have  destroyed  Major  Sibert’s  letter  of  July  8,  1902,  together 
with  all  other  papers  relating  to  the  work  of  the  Program  Com¬ 
mittee  for  that  year.  I  do  not  recall  the  substance  of  the  letter 
any  more  than  to  say  it  was  a  favorable  response  to  my  request. 


\ 
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From  the  foregoing  you  will  see  that  it  was  in  response  to 
my  solicitation  that  Major  Sibert  read  the  paper  referred  to.  He 
was  a  total  stranger  to  me  when  I  first  addressed  him  and  I  did 
not  have  the  pleasure  of  meeting  him  until  the  September  meet¬ 
ing  of  the  Society.  He  was  not  a  member  of  the  Society  at  that 
time,  in  fact  the  greater  portion  of  the  best  papers  that  year  were 
read  bv  non-members.  As  my  memory  serves  me  Major  Sibert’s 
name  was  mentioned  to  me  by  Mr.  Emil  Swensson  in  answer  to 
my  inquiry  as  to  where  I  might  find  a  man  in  a  position  and  will¬ 
ing  to  read  a  paper  on  this  subject.  This  occurred  during  a  con¬ 
versation  at  one  of  the  regular  meetings  of  the  Society.  I  called 
Mr.  Swensson  by  ’phone  this  morning  to  verify  this  impression 
and  he  replied  that  he  did  mention- Major  Sibert’s  name  in  this 
connection  and  under  the  circumstances  given  above.  I  fully  be¬ 
lieve  that  Major  Sibert  in  reading  this  paper  was  actuated  by  no 
other  motive  than  this, — that  having  a  subject  of  general  interest 
to  the  engineering  profession,  he  felt  that  he  could  present  a 
paper  for  the  occasion  and  responded  to  my  invitation  the  same 
as  would  any  engineer  under  similar  circumstances. 

If  I  can  be  of  any  further  service  to  you  in  this  connection, 
either  by  attending  the  meeting  of  your  Committee  or  otherwise, 
please  advise.  Very  truly  yours, 

Richard  Hirsch, 

Chairman  Program  Committee,  1902. 

After  discussion  the  following  motion  was  made  and  passed : 

“That  the  report  of  the  Committee  be  accepted  and  that  a 
copy  of  the  report,  together  with  the  evidence,  be  sent  at  once  to 
General  MacKenzie,  Chief  Engineer  of  the  U.  S.  Army,  and  72 
hours  after  copies  are  sent  him,  copies  be  sent  to  the  daily  papers.” 

President — The  next  business  is  the  report  of  the  Nomi¬ 
nating  Committee: 

Mr.  James  M.  Camp,  President , 

The  Engineers’  Society  of  Western  Pennsylvania, 
%Duquesne  Steel  Works, 

Duquesne,  Penna. 

Dear  Sir:  In  accordance  with  Article  III,  Section  1,  of 
the  By-laws,  you  appointed  at  the  October  meeting  a  Committee 
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to  nominate  officers  for  the  Society  and  to  report  to  the  Society 
at  the  regular  November  meeting. 

The  Committee  has  given  careful  consideration  to  the  duties 
which  have  devolved  upon  it.  Especial  attention  was  given  to 
the  selection  of  a  Secretary.  It  was  felt  that  the  increased  mem¬ 
bership  and  the  increased  activities  of  the  .Society  require  a  high 
grade  of  supervision  of  the  work  of  the  Secretary’s  office.  The 
Committee  felt  also  that  the  further  development  and  prosperity 
of  the  Society  depends  in  a  large  degree  upon  the  efficiency  with 
which  its  affairs  are  conducted.  The  Committee  has  selected  a 
man  whose  education,  ability  and  interest  in  the  Society  are  be¬ 
lieved  to  fit  him  especially  for  this  work.  It  is  expected  that  he 
will  give  general  direction  to  the  affairs  of  the  Society,  being 
accorded  ample  assistance  for  conducting  the  routine  work  of  the 
office  through  increased  appropriations  for  this  purpose  by  the 
Board  of  Directors.  The  Society  now  has  a  surplus  of  several 
thousand  dollars  a  year,  a  part  of  which  should  be  devoted  to  the 
increasing  of  its  efficiency. 

It  is  proper  to  add  that  the  present  Secretary,  Mr.  Ridinger, 
stated  to  the  Committee  that  his  other  duties  were  such  that  he 
can  no  longer  continue  as  Secretary  of  the  Society. 

The  nominations  of  the  Committees  are  as  follows : 

Samuel  Diescher, . President. 

S.  M.  Kintner, . Vice  President. 


!■  Board  of  Directors. 


Geo.  T.  Barnsley, . 

Morris  Knowles, . 

J.  L.  Klindworth, . Secretary. 

A.  E.  Frost, . Treasurer. 


For  the  Committee. 

H.  J.  Lewis, 

W.  A.  Bole, 

H.  W.  Fisher, 

C.  B.  Albree, 

Per 

Chas.  F.  Scott, 
Chairman. 

President — If  there  is  no  further  business  we  will  have  the 
paper  of  the  evening,  by  Mr.  H.  G.  Balcom,  on  “Design  of  a 
Steel  Water  Flume; ” 
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DESIGN  OF  A  STEEL  WATER  FLUME. 

BY  MR.  H.  G.  BALCOM. 

The  subject  concerning  which  I  wish  to  speak  to  you  to¬ 
night  is  a  steel  water  flume  of  approximately  450  sq.  ft.  cross- 
section  and  more  than  1,000  feet  long. 

When  this  subject  presented  itself  to  me  a  little  less  than  a 
year  ago,  not  only  was  I  greatly  interested  in  it,  but  also  several 
of  the  other  men  in  the  office.  It  certainly  possessed  novelty,  for 
none  of  us  had  ever  approached  such  a  subject  before.  About 
this  time  Mr.  Lyons  asked  me  to  prepare  a  paper  on  some  struct¬ 
ural  subject,  and  I  thought  perhaps  it  might  interest  you  also  to 
spend  a  short  time  in  tracing  with  me  one  or  two  lines  of  possible 
development. 

As  far  as  I  know,  no  steel  flume  of  anything  like  these  dimen¬ 
sions  had  ever  been  built.  Some  small  ones  have  been  built  in  the 
West,  but  they  were  so  much  smaller  that  their  treatment  would 
not  apply  to  one  of  these  dimensions. 

The  first  scheme  that  would  suggest  itself  would  be  an  open 
box  framed  of  beams  and  channels  and  lined  with  plate.  This 
cross-section  would  require  a  box  30'  wide  by  15'  deep  for  a 
minimum  amount  of  inside  plating.  This  depth  would  bring  a 
pressure  on  the  bottom  of  15  x  62.5  =  937-5  lbs.  per  square  foot. 
This  would  require  that  the  frames  be  very  close  together,  and 
the  bending  on  them  would  be  so  much  that  very  heavy  material 
would  have  to  be  used.  With  this  consideration  it  seemed  that 
it  would  be  necessary  to  endeavor  to  make  the  design  along  some 
different  lines,  that  would  lighten  the  structure  considerably. 
Thus  we  conceived  the  idea  of  giving  the  plating  a  curved  form, 
so  that  the  frames  would  resist  deformation  by  tension.  In  other 
words,  the  plates  could  be  given  a  curved  form  or  permanent 
bulge,  thus  (see  cut  below),  and  for  example  let  us  assume 
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a  plate  will  be  used  and  a  span  of  8'  between  beams.  Tak¬ 
ing  a  portion  T  wide  we  have  a  load  of  937.5  x  8=7,500  lbs. 
on  the  portion  of  plate  8'  x  1'.  Moment  M=J  x  7,500  x  8=7,500 
lbs.,  but  the  J"  plate  is  good  in  tension  for  about  15,000  x  12  x 
i  x  .60=27,000  lbs.  Thus  “a”=7,5oo — 27, 000=. 278'= 3. 33". 
However,  considering  the  fact  that  the  plate  is  liable  to  deterior¬ 
ate,  it  would  seem  better  to  make  the  offset  not  less  than  4". 

In  working  out  the  details  of  the  designs  along  this  line  it 
developed  that  the  loops  would  have  to  run  transversely,  so  that 
the  tension  of  one  plate  would  neutralize  that  of  the  other ;  or, 
we  would  have  to  put  in  horizontal  girders  at  the  side  to  take  up 
the  side  pull  of  the  plates.  Running  the  loops  transversly  would 
make  an  exceedingly  hard  detail  and  cause  expensive  shop  work 
at  the  side  where  the  two  loops  come  together  and  lead  us  to 
abandon  the  scheme. 

Right  here  I  would  like  to  suggest,  however,  that  I  do  not 
feel  entirely  sure  that  it  would  have  been  necessary  to  take  up 
all,  or  in  fact  any,  of  the  side  pull  if  the  loops  had  been  run  the 
other  way  for  I  think  that  the  looped  plate  would  prob¬ 
ably,  under  the  pressure  of  the  water,  act  like  the  web  of  a 
girder.  If  this  had  been  the  case  I  feel  that  we  might  have  made 
a  desiga  along  this  line  which  would  have  been  as  satisfactory, 
and  perhaps  as  economical,  as  any  that  could  have  been  made. 
In  the  discussion  I  should  be  very  much  pleased  to  hear  your 
views  on  this  point. 

In  the  following  discussion  I  wish  to  consider  two  schemes 
of  design,  both  of  which  are  dependent  on  the  pressure  putting 
tension  in  the  plates. 

First,  I  wish  to  consider  the  treatment  necessary  to  design 
the  flume  of  one  loop  of  plate  similar  to  the  Berquist  type  of 
coal  bunker,  with  girders  along  the  sides  to  support  the  loops. 
Second,  I  wish  to  consider  a  box  form  of  flume  with  the  lower 
corners  looped  something  of  the  form  shown  on  Sheet  10,  Fig. 
2. 

In  the  first  place  we  will  consider  the  looped  plate  of  the 
Berquist  type.  Those  of  you  who  have  designed  Berquist  bunk¬ 
ers,  know  that  for  one  that  has  no  surcharge  beyond  what  can  be 
heaped  on  the  top,  that  the  side  plates  can  be  made  straight  for 
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a  distance  and  then  the  arc  of  a  circle  put  in  for  the  bottom.  To 
build  a  bin  that  will  not  deform,  it  is  necessary  to  make  the  depth 
about  .65  of  the  width,  when  the  straight  portion  makes 
an  angle  of  30°  to  the  vertical.  As  far  as  I  know,  there 
is  no  exact  mathematical  solution  for  the  curve  that  the 
plate  would  take  for  a  load  due  to  the  pressure  of  water,  but 
there  is  a  very  simple  solution,  however,  by  means  of  the  equi¬ 
librium  polygon.  That  is  assuming  a  chain  is  supported  at  its 
two  ends  and  long  enough  so  it  will  loop,  you  all  know  that  if 
numerous  forces  were  applied  along  the  chain,  it  would  take  the 
same  form  as  an  equilibrium  polygon.  The  converse  of  this 
method  is  often  used  in  the  design  of  stone  arch  bridges.  This 
method  was  the  one  I  used  to  determine  the  form  that  the  plates 
would  take  in  the  loop,  subjected  to  water  pressure. 


Design  of  Steel  Flume  of  a  Cross  Section  of  about  450  sq.  ft. 

1st  and  2nd  Trial  Polygons. 

Though  the  graphical  solutions  are  very  simple,  I  wish  in 
the  following  design  to  show  how  readily  an  equation 
can  be  solved  by  graphics  and  how  few  approximations  it 
requires  to  arrive  at  a  result.  I  started  with  the  flume  in  the 
form  of  a  semi-circle  of  17'  radius,  which  gives  an  area  of  17J  x 
3.1416  x  ^=454  sq.  ft.  As  you  will  see  by  referring  to  sheet  No. 
1,  I  divided  each  quadrant  into  six  parts.  I  then  determined  the 
pressure  that  would  come  on  each  150  arc,  assuming  that  it  was 
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all  concentrated  at  the  central  point.  If  the  loop  was  a  semi¬ 
circle,  these  forces  would,  of  course,  be  radial,  but  increasing 
towards  the  bottom.  I  laid  off  these  forces  on  a  load  line,  as  you 
see  on  sheet  No.  1.  You  will  note  that  I  took  the  first  trial  pole  so 
that  the  first  rav  was  vertical  and  the  last  one  horizontal.  This 
would  be  the  direction  that  the  rays  would  have  to  take  if  the 
correct  loop  was  a  semi-circle,  but  after  drawing  the  first  equi¬ 
librium  polygon,  you  can  plainly  see  that  this  requires  a  much 
longer  line  and  covers  a  much  greater  area  than  is  required. 
Knowing  that  the  length  of  arc  of  the  semi-circle  is  practically 
correct  for  the  required  area,  I  took  a  second  pole  at  a  distance 
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3rd  and  4th  Trial  Polygons. 

approximately  in  the  inverse  proportion  to  the  ordinates  of  this 
polygon  and  the  semi-circle.  This  gave  a  second  polygon,  whose 
length  of  arc  is  almost  exactly  the  same  as  the  semi-circle.  You 
will  note  that  I  still  made  the  last  ray  horizontal,  as  it  will  be 
necessary  to  have  the  polygon  horizontal  at  the  bottom.  This 
second  polygon  gives  the  general  shape  of  the  curve  that  the  plate 
will  take,  but  only  approximately,  as  for  this  shape  the  pressures 
used  were  in  the  direction  and  of  the  amounts  used  for  the  semi- 
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circle.  Thus  I  took  this  second  polygon  and  laid  off  the  forces 
correctly,  as  shown  on  sheet  No.  2,  and  repeated  the -same  opera¬ 
tion  as  before.  You  may  notice  I  did  not  take  the  first  trial  pole 
distance  the  same  as  the  second  trial  pole,  on  sheet  No.  1,  for  I 
knew  that  this  would  be  nearly,  but  not  quite,  correct,  and  so 
took  one  a  little  farther  away  so  as  not  to  mix  up  the  lines  too 
much.  From  this  sheet  you  can  see  that  the  second  polygon, 
drawn  on  sheet  No.  1,  was  almost  exactly  correct. 


Design  of  Steel  Flume  of  a  Cross  Section  of  about  450  sq.  ft. 

5,  6  and  7  Trial  Polygons. 

The  next  point  to  be  considered  is  the  form  that  the 
curve  would  take  if  the  flume  were  but  partially  filled  with 
water.  Thus  I  assumed  that  there  was  approximately 
6  ft.  of  water  in  the  bottom  and  drew  the  5th,  6th,  and 
7th  equilibrium  polygons  as  shown  on  Sheet  No.  3.  You 
will  note  that  the  6th  polygon,  which  has  the  same  depth  as  the 
4th  polygon,  on  sheet  No.  2,  shown  approximately  by  the  full 
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black  line  on  sheet  No.  3,  differs  from  it  materially  in  shape.  By 
measuring  the  length  of  arc  it  is  found  to  be  quite  a  little  short¬ 
er  than  polygon  No.  4.  The  proportional  lengths  of  the  arcs 
were  taken  to  determine  a  new  pole  distance  for  polygon  No.  7, 
which  should  have  the  same  length  of  arc  as  the  semi-circle  with 
which  we  started.  Polygon  No.  7,  of  course,  is  not  the  correct 
form  for  the  curve,  as  the  loads  in  amount  and  direction  should 


Sheet  No.  4. 

Design  of  Steel  Flume  of  a  Cross  Section  of  about  450  sq.  ft. 

8,  9  and  10  Trial  Polygons. 

be  corrected  for  the  changed  form  of  the  curve,  but  it  is  ap¬ 
proximate  and  goes  to  show  that  we  will  have  to  make  provision 
for  a  twisting  action  on  the  girder.  This  will  necessitate  putting 
a  channel  on  the  lower  flange  of  the  side  girder,  so  that  that 
point  would  be  fixed.  Thus  the  form  of  the  curve  would  be 
changed  to  something  like  that  shown  on  sheet  No.  4. 

In  drawing  the  three  polygons  shown  on  Sheet  No. 
4,  you  will  note  that  I  did  not  start  from  the  same 
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point  that  I  did  for  the  first  seven  polygons,  but  as¬ 
sured  that  I  would  have  a  5  ft.  girder  and  that  the  lower 
flange  would  be  4  ft.  from  the  water  surface  when  the  water  was 
running  at  its  maximum  height. 

As  stated  before,  the  bottom  flange  should  be  stiffened,  so 
that  this  portion  of  the  curve  will  not  change  its  form,  thus  mak¬ 
ing  it  necessary  to  take  this  as  a  starting  point. 


Sheet  No.  5. 

Design  of  Steel  Flume  of  a  Cross  Section  of  about  450  sq.  ft. 

nth  and  12th  Trial  Polygons. 

You  can  plainly  see  from  polygon  10,  on  sheet  No.  4,  that 
the  form  of  the  curve  will  change  quite  a  little  from  what  it  would 
be  in  case  the  flume  was  full  of  water.  It  may  suggest  itself  to 
some  of  you  that  this  change  in  form  would  open  the  seams  and 
cause  leaking,  but  Mr.  Donovan,  an  engineer  who  has  had  quite 
a  large  amount  of  experience  in  water-tight  work  on  ships  and 
tanks,  assures  me  that  we  would  experience  no  trouble  from  this. 
You  might  ask  why  then  I  stiffened  up  the  lower  flange  of  the 
side  girders,  but  this  was  done  as  the  ends  of  the  girders  would 
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be  riveted  to  the  columns  and  could  not  change  form,  hut  the 
center  portion  of  the  girder  would  take  the  new  form,  and  this 
would  cause  the  plates  to  buckle  instead  of  change  in  a  smooth 
curve  throughout  their  length,  which  would  be  liable  to  open  the 
joints. 

In  order  to  design  the  structure  it  is  necessary  to  know  the 
amount  of  the  component  normal  to  the  web  of  the  girder,  so  that 
the  channel  can  be  made  strong  enough  to  take  this.  To  find 
this  amount  you  will  see  that  on  sheet  No.  4,  polygon  10,  that 
the  pull  on  the  girder  from  the  plate  is  shown  in  amount  and 
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13th  and  14th  Trial  Polygons. 

direction  by  the  first  ray  of  the  force  diagram.  Resolving  this 
into  its  two  components,  one  parallel  and  the  other  at  right  angles 
to  the  web,  we  have  the  amount  required  to  be  900  lbs.  per  lineal 
foot.  However,  this  is  for  a  6  foot  depth  of  water,  but  we  have 
no  way  of  knowing  that  this  would  be  a  maximum. 

Thus  I  drew  polygons  for  two  other  depths,  as  shown  on 
sheet  5  and  6,  and  found  that  for  the  depth  shown  on  sheet  No. 
5,  we  have  a  maximum  for  the  three  assumptions.  You  will 
also  note  that  on  sheet  No.  4  the  depth  was  smaller  than  on  sheet 
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No.  5,  and  on  sheet  No.  6  it  was  greater  and  still  the  side  pull 
was  less  in  each  case.  Thus  it  is  evident  that  the  depth  shown 
on  sheet  No.  5  is  practically  a  maximum. 

The  mere  proportioning  of  the  different  members  does  not 
present  many  problems  of  interest.  There  must,  of  course,  be 
a  girder  designed  along  the  top  at  each  side.  To  get  the  load  per 
lineal  foot  of  this  girder  you  simply  have  to  scale  the  length  of 
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Fig.  1.  Fig.  2. 

Sheet  No.  10. 

Design  of  the  Flume  of  a  Cross  Section  of  about  450  sq.  ft.  2 

Cross  Sections. 

the  first  ray  from  the  second  trial  pole.  This  we  find  to  be  14,- 
500  lbs.  per  lineal  foot  as  measured  from  the  2nd  trial 
pole  on  sheet  No.  2.  Assuming  the  columns  to  be  16'  centers, 
we  would  find  the  load  on  each  girder  is  14,500  x  16=232,000 
lbs.  The  top  flange  of  the  girder  was  made  up  of  one  zee  and 
one  angle  as  it  would  have  a  little  more  lateral  stiffness  than 
two  angles.  The  A  frames  for  the  support  of  the  girders  were 
designed  in  the  usual  way.  We  made  the  direction  of  the  main 
portion  of  the  column  the  same  as  the  transverse  direction  of  the 
web  of  the  girder.  You  remember,  however,  that  when  partial* 
ly  full,  this  is  not  the  direction  of  the  force,  and  that  the  side  pull, 
which  for  a  maximum  is  about  1,200  lbs.  per  lineal  foot,  would 
amount  to  1,200  x  16=19.200  lbs.  per  bay,  which  would  bring 
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an  uplift  on  the  outer  legs  of  the  A  frame 


IQIOOXI7. 5 

—  8  '  =42,000. 


amounting  to 


This  would  have  to  be  taken  up  by  anchor  bolts  which  would 
require  quite  a  little  masonry  where  it  would  have  but  little  other 
use,  and  is  one  of  the  main  objections  in  my  mind  to  this  design. 
We  could,  of  course,  use  a  strut  from  side  to  side,  as  is  done 
in  the  case  of  a  coal  bunker,  but  the  ice  might  be  liable  to  injure 
this. 


In  the  design  shown  to  the  right,  on  sheet  No.  10,  you  see 
that  beams  running  transversely  to  the  flume  are  used  to  sup¬ 
port  the  central  flat  portion  and  then  a  curved  loop,  which  is 
supported  at  the  sides  by  a  vertical  girder.  I  made  the  depth 
of  the  water  15  feet  over  the  flat  portion,  and  started  with  the 
assumption  that  the  curved  portion  would  be  the  quadrant  of 
a  circle  10  feet  radius. 

I  then  followed  the  same  course  that  I  did  in  the 
former  design  and  found  the  form  of  the  equilibrium 
polygon  as  shown  on  sheet  No.  7.  You  will  note  that 
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the  last  ray  of  polygon  la  is  horizontal  and  that  the 
length  of  the  arc  is  shorter  than  it  would  be  for  the 
semi-circle.  I  then  measured  the  area  of  the  curved  portion 
of  the  cross-section  and  found  that  the  total  width  of  the  flume 
must  be  33  feet  4  inches  in  order  to  give  a  total  area  of  450 
square  feet.  You  will  see  that  the  curve  does  not  differ  very 
materially  from  the  semi-circle  and  would  vary  but  little  if 
corrected  for  the  slight  change  in  amount  and  direction  of  the 


Design  of  Steel  Flume  of  a  Cross  Section  of  about  450  sq.  ft. 

3 a  and  4a  Polygons. 

forces  from  that  of  the  semi-circle.  The  horizontal  projection 
of  the  first  ray  of  the  force  diagram  is  seen  to  be  1,700  pounds, 
which  will  be  the  side  pull  of  the  plate  at  the  bottom  flange  of 
the  girder,  and  will  have  to  be  taken  up  by  a  channel  turned 
with  the  web  horizontal.  However,  part  of  this  1,700  pounds 
will  be  neutralized  by  the  outward  pressure  of  the  water  on 
the  side  of  the  girder  at  the  top.  This  amounts  to  520  pounds 
and  leaves  a  net  inward  force  of  1,700 — 520=1,180  pounds  per 
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lineal  loot.  We,  however,  have  not  determined  whether  this 
force  will  be  a  maximum  when  the  flume  is  full. 

On  sheet  No.  8  the  polygons  were  drawn,  assuming  that 
the  water  level  was  10  feet  deep  or  just  even  with  the  bottom 
flange  of  the  girder.  You  will  see  that  the  horizontal  projec- 


J3-4' 


tion  of  the  first  ray  is  1,650,  which  gives  the  horizontal  inward 
pull  from  the  plates.  There  is  no  pressure,  in  this  case, 
against  the  girder,  so  this  is  the  net  pressure  which  must  be 
taken  by  the  channel  for  this  depth  of  water. 

By  referring  to  sheet  No.  9  you  will  see  that  I  made  an¬ 
other  trial  with  a  still  smaller  depth  of  water,  and  in  this  case 
the  inward  pressure  was  less  than  before;  hence,  1,650  is  about 
the  maximum. 

You  will  note  that  in  all  the  diagrams  that  I  have  shown 
the  pole  has  been  so  taken  that  the  last  ray  has  been  hori¬ 
zontal.  However,  the  second  polygon  on  this  sheet  can  be 
seen  is  shorter  than  the  polygon  on  sheet  No.  8.  This  is  not 
the  correct  polygon,  as,  of  course,  the  length  of  the  arc  is  a 
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fixed  quantity.  Thus  it  may  be  seen  that  the  last  ray  cannot 
be  horizontal,  and,  therefore,  the  pole  point  is  not  on  the  horizon¬ 
tal  line  from  the  lower  end  of  the  load  line.  We,  however,  know 
one  point  which  can  be  used  as  a  pole  and  cause  the  equil¬ 
ibrium  polygon  to  pass  through  the  two  points  where  we  have 
located  the  ends  of  the  curve.  If  through  this  pole  a  line  be 
drawn,  parallel  to  the  lines  connecting  the  ends  of  the  curve, 
this  line  will  be  the  locus  of  all  the  pole  points  which  will  ter¬ 
minate  at  the  extremities  of  the  curve.  This  is  illustrated  on 
sheet  No.  9,  and  when  the  locus  line  of  the  poles  is  known  it 
is  very  easy  to  find  the  pole  point  for  a  polygon  of  any  given 
length. 

In  the  flat  portion  of  the  flume  I  assumed  the  beams  would 
be  spaced  2-foot  centers,  which  would  be  a  clear  span  for  the 
plate  of  about  1.6  feet.  Thus  on  a  portion  1  foot  wide  we 
would  have  a  load  of  937.5x1.6=1,500  pounds. 

M=i5oo  x  1.6=300 

8 

300~27ooo=.oi  i'= deflection. 

=.I32" 

Thus  you  see  that  the  offset  required,  in  order  not  to  exceed 
the  safe  tensile  strength  of  the  plate  is  only  slightly  more 
than  -J". 

The  dimensioning  of  the  members  for  the  various  parts 
does  not  possess  any  special  features,  except  you  will  note 
that  it  was  necessary  to  put  in  a  brace  on  the  inside  of  the  A 
frame,  as  the  beams  which  will  project  out  were  not  strong 
enough  to  withstand  the  overturning. 

In  comparing  the  two  designs  there  would  be  compara¬ 
tively  little  difference  in  the  expense  of  the  shop  work.  The 
plates  will  not  have  to  be  curved  in  the  shop,  but  in  erecting 
the  work  they  will  readily  draw  into  position.  This  has  been 
done  in  the  case  of  coal  bunkers,  when  the  radius  was  smaller 
than  in  this  case.  It  will  not  be  necessary  to  rivet  the  plates 
in  the  second  design  to  the  supporting  floor  beams,  and  the 
transverse  laps  should  be  so  arranged  to  come  between  the 
beams. 


DISCUSSION. 


I  thank  you  very  much  for  your  kind  attention  and  I  am 
verry  sorry  that  I  did  not  have  the  drawings  here,  which  would 
have  illustrated  very  much  better  what  I  had  to  say  than  I  could 
do  by  sketching  on  the  board. 

DISCUSSION. 

President — The  subject  is  now  open  for  discussion. 

Mr.  Whited — I  would  ask  if  it  would  be  practicable  to 
place  struts  across  the  top  in  such  a  manner  as  to  clear  any  ob¬ 
struction  that  might  be  met  with  and  that  would  resist  the  initial 
% 

component  more  economically  than  those  posts  would.  It  is 
quite  possible  to  construct  such  struts  and  still  have  plenty  of 
room. 

Mr.  Balcom — A  strut  could  have  been  designed  to  extend 
across  the  top  high  enough  up  to  clear  the  ice,  but  even  if  this 
were  used  we  could  not  dispense  with  the  back  legs,  as  these  are 
necessary  to  resist  the  wind  pressure  on  the  side.  Whether  it 
would  be  cheaper  to  take  up  this  side  pull  by  means  of  a  strut,  or 
anchor  bolts  and  additional  concrete,  would  depend  largely  upon 
the  condition  of  the  ground  on  which  the  foundations  were  built, 
and  the  cost  of  the  concrete. 

These  points  I  did  not  go  into  very  fully,  as  I  was  not  par¬ 
ticularly  in  favor  of  this  design,  and  my  chief  object  in  showing 
it  was  that  it  illustrated  better  than  any  other  the  graphical  meth¬ 
od  of  determining  the  form  that  loop  plates  would  take  under 
various  pressures. 

Mr.  Knowles — I  am  interested  to  know  how  much  that 
flume  would  cost  per  foot. 

Mr.  Balcom — The  weight  of  it  is  about  1200  lbs.  per  foot. 
The  cost  would,  of  course,  vary  with  the  location  and  accessi¬ 
bility  for  erection. 

Mr.  Knowles — $60  probably  per  foot?  I  presume  it  must 
be  for  a  gravity  flow.  Was  there  any  particular  trouble  from 
rock  excavation  or  anything  of  the  sort? 

Mr.  Balcom — It  was  along  a  creek  bed ;  I  suppose  there 
was  rock  for  the  foundations. 

Mr.  Knowles — Why  was  not  the  usual  concrete  conduit 
used?  That  would  avoid  the  foundation  piece  and  it  is  general- 
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ly  recognized  as  the  cheapest  type  to  carry  water.  I  inferred 
from  the  discussion  that  this  last  type  shown  was  the  one  adopt¬ 
ed  and  built. 

Mr.  Balcom — I  believe  the  last  type  is  the  better ;  neither 
of  these  types  were  built. 

A  Member — The  design  giving  the  smoother  surface  gives 
a  much  better  flow  of  water  and  if  it  is  not  always  to  flow  full, 
that  type  -of  conduit  which  gives  a  narrow  channel  at  the  bottom 
would  also  give  us  a  proportionately  greater  flow  as  the  depth 
would  be  greater  for  a  given  discharge. 

Mr.  Balcom — My  understanding  of  the  matter  as  to  whether 
it  would  flow  full  of  water  or  not,  was  that  under  all  ordinary 
conditions,  it  would  be  full  of  water  similar  to  a  race-way  and 
that  the  small  amount  of  friction  on  the  bottom  would  be  of  almost 
no  consequence  whatever.  Of  course  for  a  fifteen  foot  depth  of 
water,  the  friction  on  the  bottom  would  not  impede'  the  flow  of 
water  much.  In  all  these  cases  the  smaller  depth  of  water  had,  of 
course,  to  be  figured  for,  not  so  much  that  this  would  be  of 
normal  condition,  but  that  when  it  was  being  emptied,  the  loop 
plates  would  g'O  through  the  changes  in  form. 

Mr.  Stucki — Would  it  not  be  more  economical  to  form  a 
strut  between  the  two  posts  underneath  the  tank  instead  of  hav¬ 
ing  those  anchors,  as  they  are  certainly  very  expensive?  In  re¬ 
gard  to  sketch,  Sheet  No.  10,  you  will  have  a  very  dangerous  point 
just  at  the  junction  of  the  thin  plates  with  the  bottom  girders, 
because  you  have  two  points  of  support ;  one  is  the  top  girder, 
and  the  other  is  the  floor  beam,  which  do  not  always  work  in 
conjunction  with  each  other,  causing  relative  motion.  Another 
reason  for  such  a  motion  is  due  to  a  difference  in  the  head  of 
the  water,  and  therefore,  there  seems  to  exist  a  tendency  to 
rupture  those  plates  right  at  the  junction  with  the  floor  beams. 

Mr.  Balcom — I  think  your  point,  that  plates  would  be 
liable  to  rupture  if  subjected  to  a  constant  bending  motion,  is  no 
doubt  true,  especially  if  there  was  a  considerable  amount  of  mo¬ 
tion,  but  in  these  designs  the  plates  moved  but  very  little,  and 
the  change  in  depth  of  water  would  be  so  infrequent  that  I  do 
not  think  this  change  of  motion  would  occur  often  enough  to  do 
any  injury. 
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Mr.  Knowles — Regarding  the  question  of  the  curved 
plates.  It  may  seem  strange,  but  I  have  no  doubt  that  the  con¬ 
duit  will  carry  more  water  if  made  closed  over  these  hollows. 
Some  designs  I  know  of,  wooden  flumes  about  12  feet  across  and 
built  with  large  timbers  inside,  were  repaired  by  planking  in¬ 
side  the  timbers,  not  outside.  More  water  was  carried  than  be¬ 
fore  due  to  the  smooth  surface.  There  is  no  doubt,  therefore, 
the  conduit  will  carry  very  much  more  water  if  built  flush  in¬ 
side  than  outside  of  the  projections. 

As  to  the  concrete  conduits:  two  concrete  conduits  about  15 
feet  in  diameter  will  carrv  as  much  water  as  that  one  shown, 
and  would  not  cost  any  more. 

Mr.  Hawley — The  point  Mr.  Stucki  made  regarding  the 
damage  to  the  plates  by  bending  is  well  taken.  I  had  a  little 
experience  in  that  line  some  years  ago,  in  the  case  of  a  stand¬ 
pipe-  15  feet  in  diameter  and  132  feet  high.  The  water  was 
pumped  into  the  standpipe  several  times  during  the  day  and  the 
pumps  shut  down  until  the  water  had  dropped  from  near  the 
top  of  the  standpipe  to  perhaps  50  feet.  I  was  called  one  night 
and  informed  that  the  standpipe  had  bursted.  Upon  examining 
it,  I  found  the  water  spurting  out  all  around  from  under  the 
bottom  of  the  standpipe.  The  next  morning  after  draining  and 
getting  into  it,  I  found  that  a  plate  immediately  over  the  caulk¬ 
ing  edge  of  a  lower  plate  had  split  for  a  distance  of  from  2\ 
to  3  feet  and  that  the  plate  had  rusted  nearly  through  from  both 
sides  for  the  length  of  five  or  six  feet  along  that  same  caulking 
edge.  The  standpipe  had  been  erected  without  the  inspection  of 
an  engineer,  had  been  lowered  on  to  the  rubble  masonry  founda¬ 
tion  without  the  bed  of  mortar  or  sand  that  is  usually  placed 
under  such  a  structure.  The  result  was  that  the  rivet  heads  on 
the  bottom  rested  on  the  stone  of  the  foundation.  As  the  head  of 
the  water  increased  or  decreased,  the  plates  would  bend  and  that 
action  has  been  taking  place  for  about  ten  years,  until  this  plate 
had  cracked,  both  above  and  along  that  caulking  edge,  and  final¬ 
ly  broke  off  entirely.  Others  showed  the  same  action.  It  was 
a  small  standpipe  and  exposed  to  very  heavy  and  frequent  winds 
and  we  had  no  way  of  guying  it  properly  to  make  it  safe  when 
empty,  and  the  question  arose  as  to  what  we  could  do.  I  mixed 
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up  some  salammoniac,  flowers  of  sulphur  and  iron  filings,  and 
put  it  over  the  crack  and  after  giving  it  a  few  hours  to  set,  it 
leaked  very  little  at  first  and  in  the  course  of  four  or  five  hours 
became  tight  and  remained  so  for  some  weeks  until  we  could 
make  permanent  repairs. 

I  should  be  very  much  afraid  that  a  structure  of  the  kind 
which  has  been  described,  which  allows  any  bending  of  the  plates, 
especially  over  an  I  beam  or  any  other  solid  portion  of  it,  would 
not  be  satisfactory. 

Mr.  Whited — That  is  a  matter  that  is  familiar  to  all  boiler 
makers.  That  wherever  a  plate  is  subjected  to  localized 
bending  strains,  it  corrodes  more  rapidly  than  elsewhere. 

Mr.  Hawley — This  is  particularly  true  of  a  structure  hold¬ 
ing  water,  because  there  will  be  the  action  of  the  water  on  one 
side  and  the  alternate  action  of  the  moisture  of  condensation  and 
of  air  on  the  other. 

President — Any  further  discussion  ?  If  not,  a  motion  to  ad¬ 
journ  is  in  order. 

Motion  to  adjourn  carried. 

C.  W.  Ridinger, 

Secretary. 
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1  j  FORGING  MACHINERY.* 

BY  JAS.  H.  BAKER. 

You  perhaps  remember  the  picture  of  the  blacksmith  before 
King  Solomon  after  the  Temple  was  built.  To  him  was  accord¬ 
ed  the  highest  honor,  because  none  of  the  artificers  could  have 
performed  their  tasks,  but  for  his  craft. 

Each  man’s  profession  in  its  application  may  seem  to  have 
the  greatest  number  of  variations,  but  on  looking  over  the  field 
of  articles  made  by  forging  machinery,  one  can  only  touch  this 
question  in  a  broad  way  within  the  limits  of  this  paper. 

It  seems  to  me  that  I  can  hardly  expect  to  say  much  that  is 
new,  and  the  most  I  can  hope  to  do,  is  to  put  the  main  points 
of  the  matter  into  a  more  or  less  related  form. 

Forging  machinery  consists  generally  of  hammers,  forging 
rolls  and  presses.  We  leave  out  of  this  paper  cold  drawing,  as 
it  occupies  an  intermediate  field  between  forging  and  machine 
work,  and  consider  only  hot  work.  From  a  stone  in  the  hand 
of  a  man  to  the  125-ton  hammer  has  been  a  long  road.  In  power 
hammers,  we  have  trip  hammers  driven  by  a  kind  of  cam,  helve 
hammers  and  various  types  of  upright  hammers  driven  bv 
belts,  through  excentrics,  etc.,  steam  hammers  of  both  the  forge 
and  drop  variety,  hammer  heads  raised  by  a  crank  lift  or  wind¬ 
lass,  or  by  a  board  working  between  friction  rolls,  and  the  ham¬ 
mer  head  allowed  to  drop  on  the  work.  These  two  last  named 
are  strictly  drop  hammers.  The  steam  drop  hammer  is  much 
like  them,  except  that  in  it  the  falling  of  the  head  is  generally 
accelerated  by  live  steam.  I  do  not  go  into  the  field  of  air  ham¬ 
mers  which  are  taking  the  place  of  hand  hammers  in  many 
kinds  of  cold  work.  There  are,  however,  several  kinds  of  air 
hammers  for  forging,  some  on  the  principle  of  the  steam  ham¬ 
mer  and  some  with  individual  air  compressors  forming  part  of 
the  machine. 


*Read  before  the  Mechanical  Section  November  1st,  iy\*. 
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Drop  hammers,  generally  speaking,  as  used  for  forgings,  are 
those  suited  for  using  dies  having  a  matrix,  usually  formed  with 
part  of  the  matrix  in  an  upper,  and  the  other  part  in  a  lower  die, 
the  work  being  compressed  into  this  matrix  by  the  blows  of  the 
hammer,  and  the  surplus  metal  trimmed  off. 

In  drop  hammers  where  strokes  of  uniform  force  are  re¬ 
quired,  the  crank-lift  or  board-lift  is  desirable.  These  are  prac¬ 
tical  up  to  a  reasonable  weight  of  head,  and  for  one  stroke  work, 
are  well  adapted.  But  for  work  requiring  strokes  of  varying 
force,  the  steam  drop  hammer  I  think  superior.  The  difference 
between  steam  drop  and  steam  forge  hammers  is  in  the  valves 
and  arrangements  of  the  guides.  Belt  transmission  of  power 
from  an  economical  engine  is  cheaper  than  power  derived  direct 
from  a  steam  cylinder  on  a  hammer. 

In  a  steam  forge  hammer  having  a  head  weighing  125  tons, 
falling  a  good  distance  with  steam,  in  a  correspondingly  large 
cylinder  driving  it,  we  have  something  very  powerful.  Steam 
forge  hammers  have  a  wide  field  of  use  that  I  need  not  describe 
here.  But  in  a  general  way,  they  are  used  much  as  a  black¬ 
smith  works,  the  hammer  doing  the  striking  instead  of  the  hu¬ 
man  helper. 

The  trip  hammer  formerly  was  much  used  for  forging  hoe 
blades,  fork  tines,  etc.,  because  of  its  simplicity  and  hardihood, 
and  with  various  forms  of  driving  cams,  this  style  of  hammer 
is  useful  in  chain  welding,  bolt  heading  and  innumerable  other 
kinds  of  machine  forging. 

For  light  work  which  can  be  handled  rapidly,  and  which 
needs  to  be  turned  as  it  is  being  forged  or  welded,  the  belt  driven 
hammer  is  preferable.  This  class  of  hammers  reached  and  pass¬ 
ed  their  limit  at  car  axles. 

While  the  hammer  will  always  be  largely  used,  it  is  being 
superseded  on  many  articles  by  the  forging  press  and  forging 
rolls.  This  change  in  favor  of  the  press  is  clearly  exemplified 
in  the  manufacture  of  armor  plate  and  some  other  heavy  forg¬ 
ings.  It  may  be  risky  to  say  that  anything  mechanical  has  reach¬ 
ed  its  limit  in  size,  but  I  believe  that  the  125-ton  steam  hammer 
reached  and  passed  *t.  The  forging  press  in  its  lighter  forms  is 
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used  for  making  pick  eyes,  forging  picks,  hand  hammers,  chisels, 
sledges,  etc. 

As  to  the  limit  in  drop  hammers,  we  now  have  steam  drops 
with  heads  as  large  as  five  tons,  and  I  am  inclined  to  think  that 
this  is  about  their  limit.  The  shock  in  drop  hammer  work  is 
very  great  and  repairs  correspondingly  so,  and  an  additional 
source  of  trouble  is  that  a  good  deal  of  work  often  comes  at 
one  side  of  the  vertical  line  of  the  piston  rod,  and  this  is  hard 
on  piston  rods  and  guides.  I  think  the  forging  press  in  connec¬ 
tion  with  the  drop  hammer  will  tend  to  remove  this  difficulty. 

Forging  rolls  are  now  used  for  making  many  articles  in 
whole  or  in  part,  formerly  made  on  hammers,  such  as  fork 
tines,  brake  shoe  keys,  ends  of  springs,  horse  nails,  harrow  discs, 
sucker  rod  joint-straps,  tapering  plow-beams,  etc.,  etc.  For  in¬ 
stance,  here  is  a  piece  of  work  in  which  a  bar  of  i  x  V,  ~¥  of 
which  has  been  drawn  to  a  length  of  16"  at  a  single  pass  in  eccen¬ 
tric  rolls,  most  of  its  cross  section  being  reduced  to  x  if",  the 
actual  time  of  contact  being  less  than  second.  The  same  work 
under  a  hammer  would,  as  you  can  easily  judge,  have  taken 
many,  many  times  as  long. 

But  quality  of  product  is  another  quite  important  factor,  es¬ 
pecially  in  heavy  work,  therefore  the  question  of  hammer  versus 
press  must  be  decided  accordingly.  The  press  forging  method, 
so  far  as  it  is  applicable  to  heavy  work  has  decidedly  the  lead. 
This  is  so  well  known  that  it  needs  only  to  be  mentioned.  Press 
and  roll  forging  very  often  have  the  advantage  of  a  great  sav¬ 
ing  in  die  cost,  as  cast  metal  can  be  used  for  dies. 

Another  largely  used  form  of  machine  is  that  of  the  bolt 
heading  type.  Generally,  there  is  a  gripping  device  placed  at 
an  angle,  usually  a  right  angle  to  the  line  of  travel  of  the  head¬ 
ing,  tool  in  these  machines.  In  the  larger  sizes  they  are  often 
called  up-setting  machines,  forging  machines,  etc.  They  are 
driven  by  pneumatic  or  hydraulic  means,  bv  gearing  actuated  by 
electric  motors  or  by  transmission  of  power  through  belts.  And 
here  again,  each  form  is  most  fitly  adapted  to  certain  kinds  of 
work.  One  would  not  think  of  using  a  hydraulic  machine  to 
head  one-quarter  inch  bolts,  while  nothing  but  hydraulic  means 
would  be  thought  of  for  drawing  a  twelve-inch  tube.  And  in 


520  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

certain  cases  the  question  of  rapid  versus  slow  motion  would 
be  the  deciding  factor. 

In  bending  machines  the  foregoing  description  of  forging 
machines  of  the  bolt  heading  type  will  hold  good.  Where  the 
stroke  of  the  traveling  die  has  to  be  of  uniform  length,  if  possi¬ 
ble,  the  geared  machine  should  be  used.  On  the  other  hand,  if 
the  work  is  of  such  nature  as  to  have  an  uneven  amount  of 
metal  under  the  die  at  its  finish,  it  is  better  to  use  pneumatic  or 
hydraulic  means.  For  instance,  you  might  make  certain  kinds 
of  bends  in  bars  of  varying  thickness,  in  a  pair  of  dies  without 
changing  the  set  of  the  dies  by  using  pneumatic  means.  Again, 
you  can  have  a  very  long  stroke  pneumatic  machine  and  yet 
make  quite  short  strokes  when  needed,  and  this  is  often  quite 
economical. 

There  are  forgings  which  can  be  most  economically  made 
by  a  combination  of  methods.  Here  is  a  shovel  socket  that  was 
produced  economically  and  nicely  by  a  combination  of  three 
methods.  The  flat  end  was  made  in  a  drop  hammer,  the  short 
tube  was  made  in  forging  rolls  that  drew  the  wralls  of  the  tube 
at  one  end  to  less  than  one-half  their  thickness  at  the  other  end, 
and  at  the  same  time  welded  the  tube  and  then  a  rapidly  strik¬ 
ing  hammer  v7as  used  to  weld  the  heavy  end  of  the  tube  to  the 
drop  forged  part. 

Proper  heating  is  an  important  factor  in  forging  and  should 
perhaps  have  some  mention  here.  To  illustrate,  if  you  v7ish  to 
make  an  upset  of  2  inches  in  thickness  by  4  inches  in  length,  on 
the  end  of  a  bar  one  and  one-half  inches  thick,  the  back  part  of 
the  metal  should  be  much  the  hottest,  or  the  front  part  of  the 
holding  die  will  fill  first,  and  the  back  part  will  not  fill.  Again, 
improper  heating  will  allow  oxidation  and  so  make  trouble  in 
rough  work,  bad  welding,  etc.  We  have  heard  a  good  deal 
about  some  kinds  of  fuel  making  iron  softer  and  easier  to  work, 
etc.  Now  I  do  not  believe  there  is  anything  of  this  in  the  fuel 
per  se  and  yet  there  can  be  no  doubt  as  to  some  heating  being 
better  than  others.  This  is  due  to  unsuitable  burning  devices. 
It  all  seems  to  be  a  question  of  how  far  the  perfect  mixing  of 
oxygen  and  carbon  can  be  accomplished,  and  at  the  same  time 
be  advantageously  applied.  Repeated  experiments  in  welding 
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chain  links  showed  on  an  average,  that  one  hundred  pounds  of 
links  heated  in  the  blaze  of  coke  lost  seven-eighths  of  one  per 
cent,  in  weight,  while  the  loss  when  heated  in  natural  gas  was 
two  and  one-quarter  per  cent.  But  this  only  showed  that  free 
oxygen  found  its  way  to  the  metal  more  freely  in  the  gas  heat¬ 
ing.  I  need  only  mention  the  fact  of  enclosing  bright  articles 
in  a  sealed  box  and  heating  them  by  applying  the  heat  to  the 
outside  of  the  enclosure  as  an  example  of  what  can  be  done  with¬ 
out  scaling  when  oxygen  is  practically  kept  out  of  reach.  Pro¬ 
ducer  gas  for  light  work  is  used,  but  the  matter  has  not  been  car¬ 
ried  far  enough  in  my  opinion  to  determine  its  value.  Petroleum 
and  its  products  are  used,  but  it  takes  rather  elaborate  devices  to 
get  good  results. 

In  welding,  please  distinguish  between  electric  welding 
which  in  many  cases  consists  in  fusing  or  melting  the  surfaces 
together  and  welding  proper,  as  generally  understood.  In  elec¬ 
tric  welding,  the  metal  is  often  brought  almost  to  the  ingot  con¬ 
dition,  and  when  the  article  is  in  such  forms  as  to  allow  of  little 
or  no  subsequent  work  on  it,  it  is  left  in  a  more  or  less  honey¬ 
combed  condition.  By  welding  proper,  I  mean  heating  the  metal 
to  a  degree  below  the  melting  point,  and  in  cases  of 
particular  work  much  below  it,  freeing  the  surfaces  from 
oxide,  dirt,  etc.,  and  hammering  or  pressing  these  clean 
surfaces  together  until  the  weld  is  made.  This  leaves  the 
condition  of  the  metal  nearly  as  good  as  before.  The  press  is 
not  well  adapted  to  making  lap  welds,  the  slow  motion  causing 
a  comparatively  long  contact  of  the  dies,  thus  cooling  the  thin 
part  of  the  laps  before  the  weld  can  be  completed.  Iron  or  steel 
need  not  be  very  hot  to  weld,  the  extra  heat  usually  given  serv¬ 
ing  the  purpose  of  freeing  the  surfaces  from  oxide  and  keeping 
them  free  until  the  weld  is  made.  The  higher  heat  also  softens 
the  metal,  making  it  easier  to  forge  to  size  while  welding,  as  in 
many  cases  it  is  difficult  to  get  at  the  ends  of  laps  until  the  press 
has  been  brought  about  to  size.  In  soft  steel  and  iron 
we  generally  bring  them  to  a  bright  sparkling  heat,  which 
melts  the  oxide.  In  high  carbon  steel  this  high  heat 
would  not  be  allowable,  and  therefore  a  chemical  agent  is  used 
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such  as  borax,  etc.,  to  reduce  the  oxide  to  a  fluid  condition  at  a 
comparatively  low  heat. 

Electric  heating  and  welding  has  a  field  peculiarly  its  own, 
where  nothing  can  equal  it,  such  as  uniting  forms  which  do  not 
admit  of  work  after  welding,  joining  light  work,  uniting  the 
ends  of  pieces  of  pipe,  and  welding  where  an  electric  current  can 
be  carried  to  the  work  while  in  place,  which  would  be  an  impossi¬ 
bility  with  a  forge  fire.  On  the  other  hand,  in  large  cross  sec¬ 
tions,  in  electric  welding  as  usually  practiced,  you  would  heat 
the  central  portions  of  the  cross  section  more  than  you  would 
the  edges,  owing  to  radiation,  and  therefore  by  the  time  you  had 
the  edges  hot  enough,  the  central  portion  would  be  too  hot. 
Thermit  welding,  so  far  as  I  can  see,  has  some  of  the 
same  limitations  as  electric.  In  fact  welding  might  be  general¬ 
ly  divided  into  two  classes,  one  in  which  physical  work  is  the 
principal  agent,  and  the  other  in  which  it  is  absent  or  only  in¬ 
cidental. 

Some  years  ago,  I  saw  a  very  interesting  thing  in  auto¬ 
matically  welding  12"  pipe,  the  pipe  being  spirally  bent,  the  edges 
heated  and  welded  in  a  continuous  process  from  start  to  finish. 
But  it  proved  to  be  troublesome  and  did  not  stop  for  a  defective 
spot  in  the  weld,  and  has,  I  believe,  been  discontinued.  In  this 
work  water  gas  was  used  after  scrubbing  out  the  sulphur,  and 
the  fuel  gas  used  under  the  boilers. 

Automatic  working  of  metal  has  been  carried  to  a  high  de¬ 
gree  of  efficiency  in  cold  work,  but  in  hot  work  it  has  not  ad¬ 
vanced  much,  the  reason  mostly  being  in  the  fact  that  one  of 
the  fundamentals  in  automatic  work,  is  that  the  product  of  each 
separate  operation  must  be  uniform  in  order  that  feeding  or 
changing  devices  may  transfer  the  work  to  the  next  form,  or 
die.  The  difficulty  is,  that  the  heating  may  be  irregular,  the  loss 
by  scaling  greater  or  less,  and  therefore  the  action  of  a  given 
operation  will  not  produce  a  uniform  product.  But  in  articles 
which  can  be  grasped  at  one  end  and  worked  from  this  hold, 
automatic  work  is  practical  in  hot  metal.  Hence,  we  see  it  done 
in  the  manufacture  of  rivets,  spikes,  horse  nails,  etc. 

One  of  the  most  important  questions  is  how  to  group,  or  ar¬ 
range  machines.  In  a  shop  where  a  variety  of  articles  are  made, 
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it  is  next  to  impossible  to  do  this  so  effectually  that  the  sequence 
of  operations  will  not  sometimes  be  interfered  with.  I  can  only 
say,  that  machines  should  be  grouped  so  that  the  work  may  pass 
directly  from  one  machine  to  the  next,  rather  than  have  each 
class  of  machines  set  by  itself,  which  would  mean  all  the  ham¬ 
mers  at  one  point,  all  the  presses  at  another,  etc. 

Now  let  me  describe  the  first  power  forge  I  ever  saw.  Pic¬ 
ture  to  yourself  a  narrow  valley  between  mountains  where  the 
sun  shines  only  a  small  part  of  the  day,  a  road  leading  to  it  so 
rough  that  two  horses  could  hardly  haul  a  ton  of  iron,  a  small 
stream  of  water  carried  along  the  hill  side  until  it  has  a  fall  of, 
say  fifteen  feet,  then  falling  into  a  vertical  box,  this  box  joined 
at  its  lower  end  to  another  box  lying  horizontally,  having  an 
escape  at  its  opposite  end  for  the  water  on  its  lower  side,  and 
on  its  top  side  a  hollow  log  for  a  pipe  and  you  have  the  blowing 
device,  by  which  the  pig  iron  was  melted  in  an  open  hearth  forge 
fed  with  charcoal.  Then  a  dam,  a  water  wheel  made  of  wood, 
its  shaft  extending  into  a  log  building  with  a  clap  board  roof, 
a  trip  hammer  run  by  projections  set  in  this  shaft  to  drive  the 
hammer,  and  you  have  a  forge  that  made  about  one-half  ton 
of  bar  iron  in  a  day.  From  the  foregoing  it  will  be  seen  we  have 
a  great  variety  of  forging  machinery,  but  we  shall  always  have 
use  for  knowledge,  experience,  industry  and  hard  common-sense, 
and  for  the  welfare,  development  and  happiness  of  humanity,  I 
am  glad  of  it. 

DISCUSSION. 

Mr.  McMullin — Mr.  Baker,  were  you  not  mistaken  in  say¬ 
ing  that  they  have  no  uniform  heat  in  electric  welding?  Does 
not  a  hot  metal  offer  a  greater  resistance  than  a  colder  one?  So 
that  the  moment  a  part  of  the  metal  becomes  hotter,  the  increased 
resistance  of  that  part  reduces  the  current  flowing  through  it, 
and  so  equalizes  the  heat? 

Mr.  Baker — My  one  reason  for  saying  that  was  that  an 
electrical  authority,  that  I  thought  was  a  pretty  good  one,  says  so, 
and  the  other  reason  was  from  the  fact  of  breaks  I  have  seen. 

Mr.  Lynch — As  to  electric  welding,  I  would  state  that  I 
have  seen  some  most  excellent  welding  in  the  form  of  bolts, 
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where  the  head  has  been  welded  onto  the  shank  of  the 
bolt.  I  have  tested  many  of  them  by  passing  the  bolt  through  a 
plate  on  the  top  of  the  testing  machine  and  clasping  the  end  of 
the  bolt  with  the  lower  jaws  of  the  machine,  and  thus  pull  the 
bolt.  The  bolts  invariably  broke  near  the  weld,  but  never  in  the 
weld.  It  is  evident  that  the  steel  near  the  weld  had  been  an¬ 
nealed  and  thereby  softened,  producing  a  weak  place. 

In  some  of  the  bolts  referred  to,  a  brass  head  was  welded 
to  a  cold  rolled  steel  shank,  in  which  case  the  annealing  results 
on  the  steel  shank  were  similar  to  those  when  the  steel  head 
was  used. 

It  is  very  evident  that  electric  welding  has  come  to  a  much 
better  basis  than  it  had  some  fifteen  years  ago,  because  progress 
in  electricity  has  been  very  great  in  those  fifteen  years. 

Mr.  Baker  stated  in  his  paper  that  there  was  no  particular 
difference  about  the  kind  of  coal  used.  I  would  like  to  ask  if 
coal  having  a  great  deal  of  sulphur  does  not  affect  the  welding 
quite  detrimentally  ? 

I  would  like  to  ask  Mr.  Baker,  also,  in  reference  to  the  dies 
in  the  forging  operations,  whether  or  not  they  should  be  chilled 
or  made  in  plain  cast  iron  molds? 

I  would  like  to  call  attention  to  another  sort  of  welding  that 
has  not  been  touched  upon  to-night,  that  of  brass  pipe  welding. 
I  have  had  occasion  to  take  care  of  some  work  where  we  had 
coils  to  weld,  say  three-quarter- inch  brass  pipe.  In  accomplish¬ 
ing  this,  we  found  it  necessary  to  cut  the  pipe  off  on  a  chamfer, 
fit  the  edges  together  very  neatly  and  make  the  joints  with  silver 
solder.  In  our  experiments  we  found,  that  by  using  the  brazing 
solder  of  the  ordinary  kind,  which  is  practically  yellow  brass 
cuttings,  it  burns  the  thin  part  of  the  tube  before  it  affects  the 
weld,  while  in  the  silver  solder  the  weld  is  affected,  and  a  good 
substantial  joint  is  made  without  injuring  the  thin  edge  of  the 
brass  pipe. 

Mr.  Baker — In  reference  to  the  gentleman’s  two  points : 
The  question  he  mentioned  last,  I  have  never  had  any  experi¬ 
ence  with  worth  talking  about.  Of  course,  we  used  to  braze, 
but  I  believe  we  never  called  them  welds.  We  called  it  brazing, 
no  matter  how  we  put  them  together.  In  the  cast  iron  dies  mat- 


DISCUSSION. 


525 


ter,  there  are  a  great  many  cast  iron  dies  that  don’t  need  to  be 
chilled.  There  are  a  great  many  others,  of  course,  that  ought 
to  be  chilled.  But  when  chilled,  a  hard  iron  is  needed :  we  find 
often  that  we  can  use  malleable  iron  before  it  is  annealed,  what 
is  usually  known  as  white  iron. 

It  has  this  advantage,  that  if  you  want  to  make  chilled  iron, 
you  have  to  make  a  pattern,  make  a  chill  piece  and  all  that  sort 
of  thing,  while  to  get  the  white  iron  article,  all  you  have  to  do 
is  make  a  pattern  and  take  your  casting  off  it.  I  have  seen  very 
lasting  punches  in  heavy  work  made  of  good  charcoal  iron  with¬ 
out  being  chilled,  and  in  common  forging  dies,  we  never  think  of 
chilling. 

Mr.  McMullin — Replying  to  Mr.  Lynch’s  question  about 
coal,  I  would  say  that  sulphur  in  coal  is  detrimental  to  welding. 

Mr.  R.  A.  McDonald — Before  we  drift  away  from  the 
question  of  electric  welding  I  would  state  a  little  experience  I 
had.  As  to  the  theory  of  the  heating,  I  would  like  to  have  an 
opinion  from  an  electrician.  My  idea  in  that  is  simply  that  the 
pressure  makes  it  that  way.  My  experience  was  this :  We 
were  making  quite  a  lot  of  specialties  in  the  way  of  thin  steel. 
In  many  cases  the  steel  would  break  before  it  was  annealed 
even.  That  was,  of  course,  due  to  overheating.  The  question 
is  whether  they  can  overheat  by  electric  current  as  readily  as 
in  the  open  fire  or  any  other  way  of  heating.  Take  any  steel 
or  iron ;  if  they  burn  it,  of  course,  it  is  a  poor  weld.  The  elec¬ 
tric  welding  people  may  not  be  able  to  control  that  to  the 
same  nicety  as  you  would  in  ordinary  welding.  I  have  seen 
many  cases  where  we  could  re-roll  this  steel  by  annealing  it  and 
put  it  in  better  condition  than  in  the  original  welded  condi¬ 
tion.  In  many  cases  it  would  break,  but  we  would  cold  roll  it 
and  my  opinion  was  that  it  was  simply  a  case  of  carelessness  on 
the  part  of  the  electric  welders  in  not  getting  the  heats  uni¬ 
form  in  all  welds.  In  some  cases  we  cold-rolled  it  as  thin  as 
.012  inches.  Yet  the  steel  held  and  we  would  have  other  cases 
that  would  break  in  the  first  rolling.  Generally,  though,  it  held 
all  through.  In  alloy  steel  it  worked  the  same  way ;  the  same 
difficulty  was  experienced  there,  though  it  would  be  in  some 
other  cases  poor  welding.  While  we  are  on  this  subject,  I 
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would  like  to  ask  Mr.  Baker  in  his  judgment,  what  is  really  the 
best  method  of  drop-forging — whether  the  drop-hammer  with 
a  board  or  a  steam  drop? 

Mr.  Baker — Mr.  Chairman,  referring  just  for  a  moment  to 
that  electric  welding  matter  again,  in  all  the  samples  that  I  ever 
saw  of  electric  welding  and  I  do  not  claim  that  I  have  seen  even 
a  type  of  all  that  has  been  done,  the  welding  has  always  been 
done  by  placing  the  ends  together  and  forcing  it  together  while 
it  was  being  heated,  and  in  nearly  every  broken  section  I  have 
seen,  the  cross  Section  was  greater  just  where  the  welding  was 
than  back  of  it,  and  I  think  that  was  the  reason  for  breaking 
beside  of,  rather  than  at  the  welds.  On  the  drop  hammer  mat¬ 
ter,  if  you  go  down  to  Connecticut,  or  Brooklyn,  you  will  find 
almost  invariably  board-drops  and  some  pretty  large  ones.  In 
Alliance,  Ohio,  you  will  find  drop  hammers  from  five  tons  down 
and  not  a  board  hammer  in  the  shop.  The  board  drops  in  our  place 
were  finally  thrown  aside.  Our  eastern  friends  do  seem  to  un¬ 
derstand  just  how  to  handle  board  drops,  but  when  they  get 
contrary  they  are  bad  for  a  man’s  morals.  Sometimes  foremen 
get  out  of  patience  with  them  and  .throw  them  aside,  perhaps 
unnecessarily,  but  I  do  not  think  that  board  drops  are  as  satis¬ 
factory  as  the  steam  drop,  and  for  my  own  part,  if  I  were  erect¬ 
ing  a  forge  shop  to-day,  I  should  not  put  in  board  drops  at  all, 
except  for  perhaps  some  special  use. 

Mr.  R.  A.  McDonald — I  was  in  a  shop  a  short  time  ago 
where  the  party  had  both  kinds  of  drops  and  he  did  all  his  light 
work  under  the  board  drop  and  where  he  had  heavy  work,  he 
used  the  steam  drop.  They  run,  I  should  judge,  to  probably 
2,000  pound  drop  and  they  used  it  in  some  cases  for  finishing 
axes.  The  final  finishing  of  the  ax  was  done  under  the  steam 
drop.  The  fancy  work  was  done  under  the  board  drops. 

Mr.  H.  H.  xA.nderson — Speaking  about  electric  welding, 
don’t  you  think  that  the  cause  of  the  failure  of  these  welds  is 
due  more  to  the  fact  that  the  heating  of  the  ends  of  the  piece 
that  is  welded,  opens  the  grain  of  the  metal  in  that  part  im¬ 
mediately  adjoining  the  weld?  There  is  no  work  applied  to  it 
and  the  metal  in  cooling  off  back  from  the  weld  is  left  in  an 
open  condition.  It  is  well  known  that  in  working  hot  metals, 
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unless  there  is  work  applied  to  it  when  cooling,  it  is  weakened 
to  a  large  extent. 

In  regard  to  that  question  about  chilling  the  face  of  cast 
iron,  I  would  like  to  ask  Mr.  Baker  if  he  ever  found  any  diffi¬ 
culty  with  the  dies  due  to  the  cracking  of  the  surface,  when  it 
came  in  contact  with  hot  metals  ?  I  have  found  that  in  chilled 
dies,  if  we  chill  by  means  of  uncovering  them,  they  showed  cracks 
very  much  quicker  than  in  a  good  unchilled  cast  die.  Where 
heavy  pressures  are  applied  though,  a  steel  casting  die  is  taking 
the  place  entirely  of  the  cast  iron.  Where  a  great  pressure  is 
exacted,  the  cast  iron  die  will  not  stand. 

Mr.  Baker — When  it  comes  to  the  structural  matter  there 
may  be  plenty  of  cases  in  which  the  structural  conditions  are 
such  that  you  could  not  do  anything  else  but  use  a  good  steel  die ; 
but  so  far  as  the  surface  of  the  metal  to  stand  wear  is  concerned, 
I  should  still  think  the  cast  iron  preferable. 

Mr.  R.  A.  McDonald — What  is  Mr.  Baker’s  experience  in 
plain  dies  for  plain  forging  work? 

Mr.  Baker — Well  a  good  deal  depends  on  what  you  are 
doing  with  them.  Take  a  steel  die  with  much  carbon  in  it  and 
which  has  had  hot  iron  pressed  down  on  it,  it  will  crack  very 
freely  on  its  face,  and  for  all  that  class  of  work,  I  would  want 
the  chilled  die. 

Mr.  R.  A.  McDonald — I  have  seen  cases  where  a  steel 
die  has  been  used  for  a  year,  during  the  same  time  a  chilled  die 
would  have  to  be  re-placed  about  every  three  months. 

Mr.  Baker — There  is  a  great  deal  of  work  in  which  you 
could  not  use  anything  but  a  hardened  steel  die. 

Mr.  Haslam — With*  the  present  methods  of  forging,  would 
you  not  consider  that  where  there  is  much  abrasion,  it  is  prac¬ 
tically  impossible  to  use  a  steel  die  for  a  hot  steel? 

Mr.  Baker — Take  the  steel  die  and  it  would  chafe  very 
much  faster  in  sliding  by  the  heavy  hot  metal,  compared  with 
dies  of  cast  iron. 

Mr.  Diescher — I  know  in  rolls  for  small  work  the  steel  roll 
gets  out  of  shape  much  sooner  than  the  chilled  roll. 

Mr.  C.  B.  Albree — In  the  steam  drop,  have  they  had  any 
trouble  with  the  drip  around  the  packing  of  the  piston  rod  throw- 
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in g  water  on  the  dies  or  can  they  entirely  obviate  that?  In  the 
steam  hammer  such  trouble  often  arises. 

Mr.  Baker — If  there  is  any  kind  of  trouble  we  don’t  have 
sooner  or  later  in  the  case  of  the  ordinary  workman,  I  don’t 
know  what  it  is.  But,  of  course,  we  have  that.  If  the  work¬ 
men  don’t  keep  their  hammers  moving,  we  have  all  sorts  of 
trouble  with  water  in  the  cylinders,  and  occasionally  we  get  the 
top  of  the  cylinder  filled  with  water,  and  blown  off  by  a  careless 
man. 

Mr.  L.  C.  Moore — I  would  like  to  ask  Mr.  Baker  if  in  any 
ordinary  machine  blacksmith  shop  there  is  a  hammer  made  that 
will  do  away  successfully  with  the  blacksmith’s  helper? 

Mr.  Baker — I  hardly  think  there  is,  but  I  want  to  tell  you 
gentlemen,  I  visited  the  other  day  a  concern  who  put  in  a  steam 
drop  hammer  and  used  compressed  air  instead  of  steam  to  work 
it.  They  got  a  good  driver  and  they  used  a  big  pair  of  flat  dies 
and  all  sorts  of  pads,  and  they  had  a  very  fine  blacksmith,  but 
he  still  had  to  have  a  helper.  He  has  a  wonderful  help  in  this 
hammer,  yet  I  think  that  we  might  pretty  nearly  as  well  talk 
about  doing  without  our  wives  as  without  a  blacksmith’s  helper. 

Mr.  L.  C.  Moore — About  the  time  of  Professor  Thompson’s 
first  perfected  electric  welding  machine,  I  was  connected  with  a 
concern  manufacturing  wire  rope.  We  were  all  very  much  ex¬ 
cited  about  doing  away  with  brazing,  going  to  weld  all  the  wire 
with  electricity.  One  of  the  first  things  we  found  out  was  that 
we  could  not  weld  below  a  certain  diameter  successfully  for  that 
purpose ;  another  thing  we  found  out  was  that  we  met  with  ex¬ 
actly  the  same  trouble  that  all  of  the  gentlemen  have  mentioned 
here  to-night,  the  weld  would  break  j fist  a  little  ways  back  of 
the  junction,  perhaps  a  fraction  of  an  inch;  and  another  thing, 
the  weld  would  swedge,  or  swell  up  right  at  the  weld.  We 
finally  developed  a  pair  of  pliers  that  fit  close  around  the  wire, 
then  in  welding  we  turned  on  the  current  and  quickly  closed  the 
pliers,  and  kept  the  wire  at  the  same  diameter  at  the  weld.  We 
did  not  stop  it  from  breaking  outside  of  the  weld;  it  broke  just 
the  same  because  we  used  annealed  wire.  So  the  next  move  was 
to  take  the  wire  and  weld  it  as  it  came  from  the  blocks,  after¬ 
wards  annealing  it.  After  that  we  never  had  trouble  with  the 
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wire  breaking  at  the  weld  and  on  re-annealing  made  the  metal 
so  uniform  from  end  to  end,  that  it  was  almost  impossible  to  tell 
where  the  weld  had  been  made. 

Mr.  Baker — We  have  a  question  up  now  as  to  certain  arti¬ 
cles  of  steel  breaking.  They  have  been  worked  at  one  end  and 
the  only  reason  we  have  found  is  in  the  condition  of  the  metal 
where  the  heat  from  the  end  joined  the  cold  part  of  the  bar. 
The  only  way  out  of  it  was  to  give  the  article  a  heat  treatment. 
As  to  the  other  question,  there  has  been  a  great  deal  of  money 
backing  the  opinions  of  people  who  believe  in  commercial  electric 
welding,  but  outside  of  special  cases  and  forms,  and  which  are 
very  useful,  we  have  not,  I  think,  yet  found  general  commercial 
electric  welding  in  the  proper  sense  of  the  word. 

Mr.  Klindworth — I  think  Mr.  Anderson  has  the  right 
theory  about  electric  welding.  The  grain  becomes  so  coarse  that  it 
loses  strength,  but  if  anv  subsequent  work  is  put  upon  it,  it  will 
become  as  strong  as  before.  Usually  in  electric  welding  the  pieces 
do  not  receive  any  work  and  so  the  grain  becomes  coarse  close 
to  the  weld,  and  it  will  break  sooner  than  the  other  parts  of  the 
rod  that  are  close  grained.  Of  course,  it  does  not  break  in  the 
weld,  because  the  section  there  has  been  increased  on  account  of 
the  ends  having  been  forced  together. 

Mr.  Stucki — The  nature  of  the  theory  of  electric  welding 
is  similar  to  the  welding  with  Thermit.  This  material  is  very 
useful  in  making  temporary  repairs  right  on  the  spot  and  with 
least  possible  delay,  but  I  agree  with  Mr.  Baker  that  it  is  not 
a  weld,  but  a  fusion.  I  have  seen  pipes  and  locomotive  frames 
joined  successfully.  In  the  first  case.  Thermit  was  simply  used  as 
an  agent  to  produce  heat,  by  which  pieces  of  pipe  were  fused  to¬ 
gether  ;  in  the  case  of  the  locomotive  frames,  a  slot  is  sawed  out 
or  milled  between  the  two  broken  parts  and  the  Thermit  allowed 
to  flow  between  and  form  the  joint.  In  each  case  it  is  acknowl¬ 
edged  that  the  nature  of  the  adjoining  materials  changes,  so  much 
so,  that  for  instance  steel  castings  would  have  to  be  re-annealed 
after  the  welding,  in  order  to  obtain  the  original  qualities. 

The  specimen  of  forging  Mr.  Baker  had,  I  understand,  was 
stretched  from  7U  to  16"  by  means  of  eccentric  rolls  of  different 
speeds.  Supposing  we  wanted  to  stretch  it  from  7J"  to  20", 
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would  it  be  possible  to  figure  with  any  degree  of  accuracy  the 
relative  diameters  and  speeds  of  the  rolls  ? 

» 

Mr.  Baker — The  rolls  in  which  that  was  made  were  run¬ 
ning  at  50  revolutions  per  minute,  nearly  a  revolution  a  second. 
Now  the  rolls  were  of  such  diameter  that  the  contact  was  less 
than  one-third  of  the  roll  surface.  I  know  there  is  a  theory  that 
the  roll  should  be  a  certain  diameter  for  each  size  iron  we  want. 
But  when  it  comes  to  producing  articles  like  this,  if  you  had  to 
put  it  into  an  eccentric  roll  two  or  three  times  you  would  fail. 
There  is  only  one  way  to  make  it  successfully  and  that  is  to  put 
it  in  and  make  it  while  it  is  hot,  very  quickly.  I  perhaps  am  a 
crank,  gentlemen,  on  the  matter  of  rapid  motion,  but  I  did  not 
think  anything  about  any  certain  velocity  with  which  the  rolls 
in  this  case  ought  to  run.  I  ran  them  as  fast  as  I  could. 

Mr.  R.  A.  McDonald — The  only  question,  Mr.  Baker,  as  to 
the  additional  length,  would  simply  be  the  diameter  of  your  rolls. 
In  getting  your  article  longer  and  making  it  in  one  piece,  it  would 
only  be  a  question  of  a  larger  diameter  on  your  rolls. 

Mr.  Baker — Yes,  because  if  you  had  your  dies  extending 
over  one-third  of  the  roll  line,  you  would  not  be  able  to  get  in 
there  far  enough  to  get  back  with  it.  Now  that  was  made  on 
a  14"  roll.  If  you  would  take  a  20''  roll,  you  would  not  be  able 
to  keep  that  down  to  if"  wide,  as  it  would  spread  sidewise  too 
much.  If  I  had  not  taken  a  smaller  roll,  I  might  have  kept  it 
only  i-J"  wide,  while  forging  it  down  to  f"  thick.  So  that  when 
it  comes  to  a  certain  forging  it  is  a  question  of  finding  out  how 
large  rolls  you  need  to  have. 

Mr.  R.  A.  McDonald — Would  not  the  quality  of  the  metal 
affect  your  conditions  ?  Your  flow  of  metal  would  be  altogether 
different. 

Mr.  Anderson — Would  not  the  diameter  of  the  roll  cause 
it  to  spread  more  than  any  thing  else?  The  larger  surface  of  the 
roll  pressing  on  the  iron  has  a  tendency  to  spread  your  iron  out. 

Mr.  Baker — If  you  had  your  roll  too  large  you  would  not 
forge  it  forward  very  much. 

Mr.  McMullin — Before  electric  welding  was  ever  heard  of, 
the  problem  of  welding  under  pressure  was  thoroughly  worked 
over.  The  Baldwin  Locomotive  Works,  some  years  ago,  put  in  a 
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hydraulic  press  for  welding  the  limbs  to  the  frames.  A  couple  of 
men  could  weld  them  with  heavy  sledges,  but  a  hydraulic  press 
could  not  put  a  limb  on  to  stay.  One  of  the  most  reasonable 
theories  I  heard  about  it  was  from  an  uneducated  helper  in  the 
shops.  He  said,  “You  try  to  weld  by  pressure  and  you  press 
until  you  have  pressed  all  the  soft  iron  out,  and  have  nothing  but 
the  cold  surfaces  to  bring  together."  I  think  that  is  the 
cause  of  many  failures  in  electric  welding.  Contrary  to  the  ex¬ 
perience  of  many  of  those  present,  I  have  seen  electric  welds 
break  right  in  the  weld,  even  though  the  section  was  the  heaviest 
at  the  point.  This,  however,  was  due  to  dirt  getting  in  the 
weld  and  would  have  given  the  same  results  whatever  method  of 
welding  had  been  used.  I  have  seen  two  pieces  of  iron  covered 
with  scale  welded  clectricallv,  and  the  same  welds  break  in  the 
weld,  while  with  any  other  method  of  welding  than  steady  press¬ 
ure,  the  scale  would  have  been  jarred  out.  Pressure  welding 
does  not  jar  out  the  slag  in  iron  as  does  working  under  the  ham¬ 
mer  and  most  authorities  ascribe  the  failure  to  weld  iron  by 
pressure  to  this  fact. 

In  partial  answer  to  Mr.  Moore,  I  will  describe  a 
cheap  power  hammer.  In  the  West  I  saw  a  blacksmith 
frequently  get  a  cast-off  pneumatic  rock  drill,  set  up  a  12  x  12 
stick  of  timber  and  bolt  the  drill  to  the  timber  in  a  vertical  posi¬ 
tion.  Make  some  kind  of  die  to  fit  the  drill  chuck,  connect  to 
the  air  line,  and  he  had  a  fair  sort  of  hammer,  and  in  a  place 
like  that,  where  there-  is  an  abundant  supply  of  compressed  air, 
it  costs  practically  nothing.  I  saw  such  a  thing  described  in  one 
of  our  leading  engineering  papers  less  than  six  months  ago  as  a 
new  thing,  but  I  have  seen  them  used  in  the  West  ten  years  ago. 

In  Eastern  Massachusetts  I  had  charge  of  a  forging  shop  where 
the  problem  of  suitable  drop-hammer  boards  was  a  heart  break¬ 
ing  one.  The  company  I  worked  for  had  been  in  the  business 
for  fifty  years,  and  had  had  so  much  trouble  that  they  engaged 
an  expert  in  wood  to  travel  round  the  country  for  several  months 
selecting  suitable  boards,  but  somehow  they  seemed  to  have 
trouble  with  their  boards.  The  noise  made  bv  a  steam  siren  is 

j 

nothing  to  a  twisted  board  in  a  drop-hammer. 
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Speaking  of  cast  iron  dies,  we  had  one  job  there, 
a  loom  crank  made  of  if"  round,  3"  throw  of  crank, 
which  we  made  in  a  drop  hammer,  using  cast  iron  dies.  The  die 
had  three  impressions.  It  was  about  two  feet  long,  16"  wide  and 
one  foot  thick,  and  to  have  made  that  out  of  steel  would  have  cost 
a  small  fortune.  We  got  those  dies  made  for  about  3  cents  per 
pound.  It  would  pay  to  have  a  dozen  made  and  throw  half  of 
them  away,  on  a  chance  of  having  the  other  half  good.  They 
would  make  several  thousand  cranks  before  becoming  worn  out. 
We  used  them  in  a  1,200  pound  drop  with  a  fall  of  two  feet,  and 
they  were  very  successful. 

Mr.  R.  A.  McDonald — In  how  many  operations  would  those 
cranks  be  made  ? 

Mr.  McMullin — In  five  operations,  all  performed  by  one 
man  in  one  heat.  At  that  time  we  were  making  between  three 
and  four  thousand  cranks  every  month. 

Mr.  R.  A.  McDonald — Suppose  you  wanted  to  make  a  two 
or  three  or  four  way  crank,  how  would  you  do  it? 

Mr.  McMullin — The  same  as  any  other  crank  shaft,  make 
them  in  line  and  twist  them.  These,  however,  had  two  cranks  in 
line  on  a  shaft.  We  had  no  trouble  in  working  a  dead  length  be¬ 
tween  the  two  cranks,  there  being  about  three  or  four  feet,  I  be¬ 
lieve,  between  them. 

Someone  asked  the  question  here  in  regard  to  the  kind  of  dies 
to  use  for  general  work.  When  a  steam  hammer  comes  out  of 
the  shop,  it  is  usually  equipped  with  a  pair  of  cast  iron  dies,  but 
in  all  the  shops  I  ever  worked,  they  made  a  pair  of  wrought  iron 
dies  with  a  steel  face  and  got  much  better  satisfaction.  I  remem¬ 
ber  but  one  forged  die  with  a  steel  face  that  broke. 

Mr.  R.  A.  McDonald — I  made  a  hardened  steel  die  and 
ran  it  for  five  years,  rehardening  it  a  number  of  times  as  the 
hardened  face  wore  away. 

Mr.  L.  C.  Moore — I  want  to  say  a  little  more  about  electric 
welding.  In  the  first  place,  I  never  knew  it  to  prove  a  success 
with  anything  above,  say  ten  carbon  steel.  The  moment  we  got 
above  that,  it  was  impossible.  Another  thing  some  one  spoke 
about,  the  absence  of  working  the  wire,  I  don’t  think  you  under¬ 
stood  what  I  meant  when  describing  the  welding  of  the  wire. 
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When  we  put  the  two  ends  together,  we  had  a  peculiar  shaped 
pair  of  pliers  and  closed  them  on  the  wire  while  the  current  was 
still  on,  keeping  it  as  nearly  as  possible  to  its  original  diameter. 
The  molecules  of  metal,  of  course,  change,  but  we  got  it  back 
again  to  its  original  state  by  heating  the  whole  coil  of  the  wire 
to  an  annealing  temperature.  That  actually  worked  the  wire  the 
same  as  though  we  hammered  it,  but  on  a  small  scale. 

Mr.  R.  A.  McDonald — The  Thompson  Houston  people  had 
a  plant  for  electric  welding  at  one  of  our  Expositions  several 
years  ago.  The  operator  said  they  could  weld  any  kind  of  metal. 
I  sent  down  a  couple  pieces  of  alloy  steel  to  have  welded.  He 
started  to  weld  it  and  it  fell  to  pieces  when  he  put  the  pressure  on, 
so  he  acknowledged  that  there  was  one  kind  of  metal  he  could 
not  weld.  They  have,  however,  in  some  cases,  welded  steel  con¬ 
taining  1.30#  carbon  successfully.  They  have  welded  it,  but  in 
some  cases  it  was  not  a  perfect  weld,  and  it  would  break.  But 
I  think  they  are  welding  even  now,  steel  considerably  higher  than 
a  10  carbon.  In  welding  ordinary  steel,  without  re-annealing 
afterwards,  the  heating  is  too  high  for  the  best  work  afterwards 
of  the  steel.  Any  steel  that  has  been  subjected  to  heats  of  that 
kind,  should  be  re-annealed  to  put  it  in  a  better  condition.  If  it 
gets  heated  beyond  a  certain  point,  its  grain  becomes  too  coarse, 
then  it  is  weaker  than  before,  and  will  not  stand  any  severe 
physical  tests.  It  is  weakened,  and  the  only  way  to  restore  it  is 
to  melt  it  over. 

Mr.  McMullin — The  Thompson  Houston  people  had  a 
welding  plant  at  the  World’s  Fair  at  Chicago,  where  I  got  a 
number  of  samples  of  welded  work,  flattened  them  out  and 
tested  them.  They  broke  near  the  weld.  That  is  the  failing  of 
all  welds,  however ;  there  is  a  certain  point  where  the  upsetting 
stops.  You  work  the  upset  down  in  making  your  weld  and  as 
it  is  hot  beyond  the  point  where  the  upset  came  to  and  where 
you  do  no  work,  that  is  the  weakest  point  of  your  weld.  That 
is  the  part  of  the  weld  that  will  break,  as  there  is  no  chance 
to  work  it. 

Mr.  Baker — Perhaps  in  my  paper  I  didn’t  state  quite  clearly 
enough  that  if  the  metal  was  welded  where  you  could  not  give 
it  sufficient  work  afterwards,  it  would  leave  it  in  a  kind  of  an 
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ingot  condition.  But  one  more  point  on  this:  You  take  an 
upset,  with  say  twice  its  area,  and  you  create  an  ingot  condition 
in  that  metal.  Now  you  have  worked  it  down  to  its  original 
size.  How  much  work  have  you  given  it?  You  have  reduced 
it  just  one-half.  You  go  to  the  rolling  mill  men  and  tell  them 
you  want  an  ingot  and  they  will  tell  you  they  want  that  run 
down  seven  or  eight  times.  You  have  only  worked  that  little 
ingot  down  one  diameter,  whereas  a  rolling  mill  man  would  not 
think  about  giving  you  good  steel  if  it  was  only  worked  that 
much. 

Mr.  R.  A.  McDonald — On  that  question  I  think  some  peo¬ 
ple  might  make  some  objections.  All  people  do  not  believe  in 
big  ingots  making  the  best  steel.  Of  course  it  is  economy  to 
make  big  ingots,  and  all  soft  steel  is  made  in  large  ingots,  sim¬ 
ply  because  of  the  rolling  advantages  of  big  ingots.  Now  the 
Crucible  steel  makers,  as  a  rule,  do  not  make  large  ingots  ex¬ 
cept  for  large  work,  because  it  is  against  their  practice.  So  it 
is  simply  a  question  of  what  you  want  to  get,  and  the  question 
of  the  big  ingots  for  lots  of  work  does  not  always  produce  the 
best  steel. 

Mr.  Anderson — Can  the  Crucible  steel  makers  produce  an 
ingot  of  such  a  large  size  and  get  necessary  results? 

Mr.  R.  A.  McDonald — They  could  heat  it  and  reduce  it 
easily  enough.  Some  do  it. 

Mr.  Haslam — But  is  it  not  a  fact  that  the  more  work  you 
put  on  steel  the  better  it  is? 

Mr.  R.  A.  McDonald — No,  that  is  the  old  theory  of  iron, 
but  not  crucible  steel.  It  is  simply  a  question  of  economy  to 
do  it.  ^ 

Mr.  McMullin — Is  it  true  about  iron?  I  believe  the  re¬ 
ports  of  the  U.  S.  Board  showed  no  benefit  beyond  six  work¬ 
ings,  and  but  little  for  the  fifth  and  sixth. 

Mr.  Anderson — In  most  of  the  mills  they  desire  to  reduce 
it  about  four  or  five  times  to  get  the  metal  solid  and  bring  it 
down  to  a  good  marketable  product.  I  mean  open-hearth 
steel. 

Mr.  Moore — I  might  tell  you  a  little  incident  happening  in 
our  shop  the  other  day :  W e  had  occasion  to  make  a  forging 


DISCUSSION. 


535 


about  ten  inches  in  diameter  and  twelve  feet  long.  After  turn¬ 
ing  it  the  machinist  took  a  cold  chisel  and  cut  off  the  center; 
I  happened  to  be  looking  at  him  and  saw  him  throw  his  head 
back  quick  and  say,  “There  is  something  coming  out  of  that 
shaft.”  I  smelt  something  right  away.  I  told  him  to  light  a 
match  and  he  did  so,  and  that  thing  burned  for  ten  minutes.  I 
timed  it.  I  would  like  to  ask  somebody  if  they  can  tell  what 
that  was?  Was  it  a  gas  that  had  accumulated  in  the  center  of 
that  shaft? 

Mr.  R.  A.  McDonald — That  in  many  cases  is  common,  but 
you  seldom  hear  of  it.  They  don’t  usually  tell  things  of  that 
kind.  But  in  experimenting,  lots  of  ingots  have  been  tested 
by  drilling  under  water,  and  when  you  come  to  cavities  gas 
escapes,  causing  bubbles.  I  have  seen  large  ingots  made  by  the 
open-hearth  process  that  you  could  stick  your  hand  in  the  cen¬ 
ter  of  them  after  they  have  been  forged.  Now  to  make  a  cavity 
there  has  got  to  be  something  in  it.  You  often  get  a  cavity 
down  in  the  center  or  bottom  of  the  ingot.  They  are  in  all 
shapes  and  sizes  sometimes. 

Mr.  Klindworth — In  forgings  the  steam  hammer  will  do  it 
frequently  if  the  hammer  is  too  light,  and  that  suggests  a  ques¬ 
tion  I  was  going  to  ask  Mr.  Baker;  what  his  experience  has 
been  with  hydraulic  press  and  power  hammer  press  forging. 
There  are  certain  sizes  where  the  hydraulic  press  is  really  nec¬ 
essary  to  get  a  good  job. 

Mr.  Baker — You  speak  of  the  hydraulic  press  in  welding. 
If  you  take  a  bar  and  use  a  hammer  on  it  and  draw  the  metal 
on  the  outside  you  form  a  hollow  in  the  end.  Take  the  press 
and  you  get  the  other  result,  that  is  a  convex  end.  Therefore, 
in  welding,  if  you  use  a  press  on  a  limb  of  a  locomotive  frame 
you  would  forge  to  the  center  of  the  V  in  the  bar,  and  so 
stretch  the  V  too  wide.  To  properly  work  metal  there  is  a 
certain  sized  head  theoretically  driven  at  a  certain  speed,  which 
would  bring  the  metal  out  altogether.  That  is  the  best  worked 
metal  you  can  get.  The  press  would  bring  it  out  at  the  center 
and  the  light  hammer  will  bring  it  out  at  the  edge.  Take 
armor  plate  for  instance,  I  think  they  would  save  a  lot  of  forg- 
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ing  in  that,  I  saw  a  130,000  lbs.  ingot  at  Homestead  the  other 
day  forged  in  a  press,  and  the  edges  were  convex. 

Mr.  McMullin — In  the  Midvale  Steel  Co.,  they  used  to 
make  ingots  of  about  72"  diameter  for  12"  guns  and  they  were 
forged  under  a  25-ton  hammer  and  showed  convex  ends. 

Mr.  Baker — If  the  hammer  is  comparatively  heavy  enough 
the  center  will  be  forged  out. 
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THIS  SOCIETY  DOES  HOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  HEHBMRS 


The  two  hundred  and  fiftieth  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  at  the 
Society’s  house,  410  Penn  Ave.,  Pittsburgh,  Pa.,  Tuesday  evening, 
Dec.  20th,  1904,  at  8:20  P.  M.  President  J.  M.  Camp  in  the  chair. 
Thirty-nine  members  and  visitors  were  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 
The  Board  of  Direction  reported  that  they  had  approved  the  fol¬ 
lowing  applications  for  membership  and  present  same  to  the  so¬ 
ciety  for  action. 


NAME.  OCCUPATION  AND  ADDRESS. 

W.  O.  AMSLER,  Pres.,  The  Amsler  Eng.  Co. 

Empire  Building,  Pittsburg,  Pa. 

JOS.  M.  ARMSTRONG,  Ass’t  Genl.  Supt.  of  Mines, 

h.,  Ingrain,  Pa. 

W.  H.  CHADBOURN,  Jr.,  Ass’t  U.  S.  Engineer,  - 

h.,  Beaver,  Pa. 

E.  E.  CROCKER,  -  -  General  Manager, 

323  Fourth  Ave.,  Pittsburg,  Pa. 

GEO.  R.  DELAMATER,  Mechanical  Engineer,  - 

305  Frick  Building,  Fittsburg,  Pa. 

F.  R.  DRAVO,  Contractor,  Lewis  Block,  Pittsburg, 

h.,  Sewickley,  Pa. 

L  ITS  A.  HARDING,  Mechanical  Engineer,  - 

305  Frick  Building,  Pittsburg,  Pa.  ' 

H.  O.  JONES,  -  Supt.  Pgh.  Tube  Co. 

21  Alpha  Terrace,  Beatty  St.,  E.  E. 
Pittsburg,  Pa. 


ENDORSED  BY. 

(  F.  V.  McMullin, 

-  Victor  Buetner, 

(  Samuel  Diescher. 

(  G.  \V.  Schluderberg, 
\  W.  W.  Keefer, 

(  E.  J.  Taylor. 

(  Wm.  L.  Sibert, 

\  H.  C.  Gould, 

( T.  P.  Roberts. 

(  C.  W.  Ridinger, 

-j  T.  F.  Webster, 

(  J.  L.  Merrill. 

'  Samuel  Diescher, 

P.  V.  McMullin, 

.  C.  H.  Sample. 

(  J.  M.  Camp, 

-  Morris  Knowles, 

(T.  H.  Johnson. 

{Samuel  Diescher, 

F.  V.  McMullin, 

C.  II.  Sample. 

{A.  E.  Duck  ham, 

H.  W.  Fisher, 
Richard  Hirsch. 
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* 

f  C.  C.  Schade, 

E.  S.  KINSELY,  *  -  -  Sales  Agent,  -  -j  H.  Gauerman, 

P.  O.  Box  1017,  Pittsburg.  Pa.  I  Y  illis  W  llited. 

{J.  A.  Atwood, 
A.  R.  Raymer, 
Jas.  K.  Lyons. 


CHRISTOPHER  MOGAN,  Supt.  Pgh.  Steel  Co. 

Glassport,  Pa. 

C.  T.  MYERS,  -  -  409  House  Building,  - 

Pittsburg,  Pa. 


S.  Diescher, 

Samuel  E.  Diescher, 
Geo.  T.  Barnsley. 

M.  Greenwood, 

W.  M.  Judd, 

Louis  P.  Blum. 


{Samuel  Diescher, 
C.  H.  Sample, 

_  _  F.  \  .  McMullin. 


It  was  moved  and  seconded  that  the  secretary  be  instructed 
to  cast  a  ballot  electing  these  applicants  to  membership. 

The  secretary  then  read  a  letter  from  Mr.  J.  L.  Klindworth 
declining  the  nomination  for  secretary  during  the  coming  year, 
and  announced  that  the  board  had  named  Mr.  H.  W.  Craver  as 
one  of  the  three  candidates  for  the  position,  the  other  two  being 
Messrs.  McMullin  and  Engstrom,  both  nominated  in  accordance 
with  Art.  III.,  Sec.  2. 

President — One  of  the  duties  of  the  retiring  president  is 
to  appoint  a  committee  to  look  after  the  finances  of  the  Society 
and  audit  the  treasurer's  accounts,  as  “the  account,  or  financial 
books  of  the  society  shall  be  examined  annually  by  a  committee  of 
three  members  of  the  society.”  I  will,  appoint  on  that  committee 
Mr.  Barnsley,  Mr.  Worthington  and  Mr.  Knowles. 

Mr.  Barnsley — On  behalf  of  the  Reception  Committee  I 
wish  to  say  that  the  next  annual  banquet  will  be  on  January  28th, 
1905.  Now  this  banquet  will  be  an  unusual  occasion  from  the 
fact  that  it  will  be  the  celebration  of  the  25th  anniversary  of  the 
society.  Tickets  will  be  five  dollars. 

President — Is  there  no  other  business?  Then  we  are 
ready  for  the  paper  of  the  evening  on  the  Nernst  Lamp,  by  Mr. 
Roberts. 

After  hearing  the  paper  and  discussing  it  the  meeting  ad¬ 
journed  at  10  P.  M. 
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THE  NERNST  LAMP.* 

BY  E.  R.  ROBERTS. 

(Non-Member.) 

W  hile  it  would  hardly  seem  necessary  before  an  assembly  of 
this  character  to  give  a  brief  description  of  the  Nernst  lamp  and 
its  history,  yet  it  is  very  possible  that  some  of  you  have  been  too 
busily  engaged  in  vour  own  pursuits  to  give  this  subject  vour  con¬ 
sideration. 

The  fundamental  principle  of  this  lamp,  that  certain  of  the 
rare  earths  or  refractory  oxides  will  conduct  electric  current  and 
give  light  after  being  heated  to  redness,  was  discovered  by  Dr. 
Nernst,  the  German  scientist,  in  1897.  This  has  led  to  the  devel¬ 
opment  of  a  commercially  perfect  Nernst  lamp  in  this  country. 
The  original  invention  of  Dr.  Nernst  is  embodied  in  the  light¬ 
giving  element  or  “glower”  of  the  lamp  as  it  is  to-day.  This 
glower,  composed  of  a  rare  earth  mixture,  is  made  in  the  form  of 
a  small  rod  or  pencil  of  chalk-like  material  with  wire  terminals 
at  either  end,  one  or  more  of  these  glowers  being  used  to  give 
lamps  of  different  powers. 

The  Nernst  lamp  is  in  every  sense  a  commercial  illuminant 
and  is  now  an  important  factor  in  modern  illumination  ;  the  days 
when  it  excited  interest  chiefly  as  a  scientific  novelty  are  long  since 
past. 

Manufactured  in  different  sizes,  the  light  intensities  of  which 
range  from  that  of  high  candle  power  incandescents  to  that  of  the 
modern  ampere  enclosed  arcs,  it  not  only  creates  a  special  field 
for  itself,  but  with  the  exception  of  stage  and  sign  lighting,  cer¬ 
tain  parts  of  domestic  lighting,  such  as  bed  rooms,  closets,  etc., 
and  a  few  other  special  uses  for  light,  the  legitimate  field  of  the 
Nernst  is  practically  all  that  which  is  covered  by  modern  gas  and 
electric  illuminants. 

While  in  its  general  construction  the  Nernst  is  similar  to  that 
of  the  Arc,  it  properly  belongs  in  the  class  of  incandescent  lamps, 

*A  lecture  delivered  before  the  Engineers’  Society  of  Western  Penn¬ 
sylvania  on  December  20,  1904. 
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inasmuch  as  the  glower  gives  light  by  virtue  of  its  high  state  of 
incandescence,  brought  about  by  the  heating  action  of  the  current 
flowing  through  it.  The  glower  is  an  insulator  when  cold,  but 
on  being  heated  its  resistance  gradually  decreases  until  it  reaches 
a  red  heat,  when,  with  220  volts  across  the  terminals,  it  starts  to 
conduct  current  and  give  light.  The  heat  generated  by  this  cur¬ 
rent  is  not  only  sufficient  to  independently  maintain  the  glower  in 
an  operating  state,  but  causes  the  resistance  to  rapidly  decrease 
still  further,  resulting  in  a  greater  and  greater  flow  of  current 
which  would  finally  result  in  a  ruptured  glower  if  no  external 
resistance  with  an  opposite  characteristic  were  used.  For  this 
reason  it  is  essential  that  the  “ballast,”  consisting  of  a  fine  iron 
wire  enclosed  in  a  glass  tube,  be  connected  in  series  with  the 
glower ;  its  function  being  to  act  as  an  automatic  regulator  to 
prevent  the  current  in  the  glower  circuit  from  rising  materially 
above  its  normal  value.  In  practice,  the  ballast  performs  its  duty 
so  w-ell  that  the  lamp  will  easily  withstand  an  overload  of  25  per 
cent,  and  may  be  operated  continuously  at  5  per  cent,  overload 
for  extended  periods  without  appreciable  injury.  A  simple  anal¬ 
ogy  will  serve  to  illustrate  the  combind  action  of  the  glower  and 
ballast.  The  glower  in  its  runaway  tendency  may  be  likened  to  a 
train  coasting  down  a  grade ;  left  to  itself,  its  momentum  and 
speed  become  greater  and  greater  until  finally  disaster  results  un¬ 
less  frictional  resistance  is  applied  by  means  of  the  brakes  so  as 
to  hold  the  speed  fairly  constant.  The  brakes  of  the  train  corre¬ 
spond  to  the  ballast  in  the  Nernst  lamp. 

A  hereas  the  ballast  is  not  appreciably  impaired  with  age 
under  conditions  of  normal  voltage,  the  same  cannot  be  said  of 
the  glowrer. 

Before  being  used,  the  surface  of  the  glower  presents  a 
smooth,  white,  porcelain  or  chalky  appearance ;  after  being  in 
service  say  500  hours,  this  surface  is  rough  and  crystalline  in 
appearance.  It  is  this  change  in  the  structure  of  the  glow'er,  from 
an  amorphous  to  a  crystalline  state,  that  is  supposed  to  cause  a 
rise  in  its  rated  value  on  a  constant  potential  circuit,  which  should 
not  exceed  20  per  cent,  in  800  hours. 

In  the  early  part  of  the  life  of  the  lamp  there  is  a  decrease 
in  intensity  and  the  rated  C.  P.  value  is  not  reached  until  after 
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about  25  hours  run ;  for  instance,  while  the  rated  candle  power 
of  the  single  glower  lamp  is  50,  the  initial  C.  P.  would  average 
60.  This  initial  excess  is  not  contracted  for  and  may  be  con¬ 
sidered  as  a  gift  to  the  consumer. 

To  bring  the  glower  up  to  its  starting  point,  correspond¬ 
ing  to  a  temperature  of  about  1200°  F.,  a  small  electric  heater 
is  employed,  consisting  of  two  or  more  small  tubes  of  por¬ 
celain.  about  one  and  one-half  inches  long  and  one-quarter  inches 
in  diameter,  overwound  with  a  fine  platinum  wire,  which  in  turn 
is  held  in  place  and  protected  from  the  intense  glower  heat  by 
an  outer  coating  of  porcelain  paste. 

As  stated  above,  after  the  heater  has  performed  its  function 
of  lighting  the  glower,  no  further  waste  of  energy  in  this  circuit 
is  necessary.  For  this  reason  a  small  electro-magnetic  cutout  is 
used,  consisting  of  a  magnet  coil  connected  in  series  with  the 
glower,  an  armature  and  the  necessary  cpntacts  in  the  heater  cir¬ 
cuit.  When  the  glower  current  flowing  through  the  coil  becomes 
strong  enough,  the  armature  is  attracted,  the  contacts  separated, 
and  the  heater  disconnected  from  the  line. 

Lamb  /Ebm/halS 

«rf  h 


3  Glower  Lamp 

The  accompanying  figure  is  a  diagram  of  the  connections  in 
a  3-glower  lamp  which  may  be  taken  as  representative  of  all  the 
other  units. 


542  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

The  latter  two  elements  of  the  lamp,  namely,  the  ballast  and 
cutout,  are  regarded  as  permanent  fixtures  of  the  lamp,  their  life 
being  practically  indefinite  under  normal  conditions  of  operation. 
They  are  therefore  mounted  within  the  body  of  the  lamp.  The 
glowers  and  heater  tubes,  on  the  other  hand,  have  a  limited  life 
and  must  be  replaced  from  time  to  time  as  burnouts  occur.  These 
are  mounted  in  a  removable  piece  termed  the  holder,  so  as  to  be 
easy  of  access  for  renewal  purposes.  Mechanical  and  electrical 
connection  between  the  lamp  body  and  holder  is  made  by  means  of 
a  number  of  metal  prongs  mounted  on  the  base  of  the  holder. 
These  are  easily  inserted  by  hand,  and  are  held  by  friction,  in 
corresponding  metal  sockets  in  the  base  of  the  lamp  body. 

We  may  therefore  consider  the  Nernst  lamp  as  composed  of 
three  main  parts,  viz.,  the  lamp  body,  the  holder,  and  the  glass 
globe ;  corresponding  to  the  lamp  body,  carbons  and  glassware  of 
the  arc. 

After  inserting  the  holder  as  explained  above,  the  neck  of 
the  globe  is  inserted  and  held  by  three  thumb  screws  in  the 
base  of  the  lamp  body.  The  globe  simply  acts  as  a  protection 
to  the  glowers  in  their  operation,  against  air  draughts  and  me¬ 
chanical  injury.  Sufficient  air  in  ventilation  is  allowed  in  the 
base  of  the  lamp  body  so  that  the  glowers  practically  operate 
in  the  open  air ;  this  being  the  atmosphere  or  medium  in  which 
they  work  most  satisfactorily. 

A  standard  glower,  with  the  approximate  dimensions  given 
above,  and  taking  .4  amperes  at  210  volts  is  used  altogether,  and 
lamps  of  different  sizes  and  powers  are  made  by  varying  the 
number  of  glowers  and  providing  the  requisite  ballasts  and  cut¬ 
out. 

At  present  the  standard  product  consists  of  lamps,  with  one, 
two,  three,  four  or  six  glowers,  and  maximum  intensities  from  25 
to  500  candle  power. 

All  of  these  units  are  adapted  for  use  on  220  volt  alternating 
current  circuits  of  any  frequency  from  25  to  133  cycles  inclusive, 
and  with  the  exception  of  the  last  unit,  these  may  be  adapted  to 
no  volt  circuits  through  the  use  of  a  “converter  coil,"  which  is 
suspended  above  the  lamp  proper. 

A  hen  a  holder  becomes  burnt  out,  the  only  maintenance  wTork 
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necessary  at  the  lamp  itself  is  to  wipe  out  the  globe,  remove  the 
defective  holder  and  replace  it  with  a  repaired  holder.  The  sub¬ 
sequent  renewal  work  on  the  defective  holder  is  done  at  the 
repair  shop.  Without  going  any  further  into  details,  it  is  evident 
that  Nernst  and  Arc  lamp  maintenance  is  much  the  same  and 
does  not  require  skilled  labor  for  its  execution.  Reports  from  a 
number  of  large  installations  show  that  the  cost  of  Nernst  main¬ 
tenance  ranges  from  5  mills  to  1  cent  per  kilow’att  hour,  depend¬ 
ing  upon  local  conditions. 

The  Detroit  Edison  Company  have  kept  a  strict  account  of 
all  labor  and  material  necessary  for  the  complete  maintenance 
of  the  Nernst  lamps  on  their  circuits  since  the  early  part  of  this 
year,  and  find  that  the  total  average  cost,  including  interest  and 
depreciation,  is  .7  cent  per  kilowratt  hour.  They  also  figure  that 
their  Arc  maintenance  costs  them  practically  the  same  and  that 
incandescent  maintenance  cost  .35  cent,  not  including  labor.  If 
the  labor  item  is  added  and  allowance  made  for  the  fact  that 
Nernst  lamps  give  twice  the  effective  illumination  obtained  from 
incandescents  per  kilowatt  hour  expended,  it  follows  that  in  this 
particular  case,  at  least,  the  cost  of  Nernst  maintenance  per  ef¬ 
fective  candle  power  hour  is  even  less  than  for  incandescent  lamps. 

The  much-mooted  question  of  efficiency  never  fails  to  bring 
ont  a  difference  of  opinion  as  to  the  proper  basis  of  comparison 
of  the  different  modern  light  sources. 

A11  arc  lamp  has  both  a  nominal  and  an  actual  rating,  the 
latter  being  based  on  photometric  measurements,  and  the  two 
differ  widely.  The  rating  of  incandescent  lamps  is  based  on  pho¬ 
tometric  measurements  obtained  while  the  lamp  is  rotating  on  a 
vertical  axis,  while  the  Welsbach  and  fiat  flame  gas  lights  are 
rated  in  accordance  with  measurements  obtained  in  the  direc¬ 
tion  of  maximum  intensity.  Obviously,  the  present  commercial 
rating  of  these  illuminants  is  absolutely  unreliable  because  of  the 
lack  of  a  fair  basis  of  comparison.  There  remain  the  mean 
spherical  and  mean  hemispherical  values  of  intensity  to  choose 
from  ;  many  say  the  former  should  be  used  ;  others  prefer  the 
latter.  If  a  lamp  is  to  be  regarded  as  a  mere  producer  of  light, 
the  mean  spherical  value  is  undoubtedly  the  proper  selection.  On 
the  other  hand,  if  the  lamp  is  regarded  as  a  producer  of  useful 
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illumination,  opinion  is  gaining  ground  that  the  mean  lower 
hemispherical  value  is  the  one  desired.  Comparing,  for  example, 
two  lamps,  each  suspended  near  the  ceiling  of  a  reading  room, 
the  one  throwing  all  its  light  in  the  upper  hemisphere,  the 
other  all  its  light  in  the  lower  hemisphere ;  while  the  total  amount 
of  light  given  off,  or  the  mean  spherical  candle  power,  might  be 
the  same  in  each  case,  there  would  be  no  hesitancy  in  selecting 
the  latter  as  the  superior  illuminant.  This  statement  is  even 
more  true  for  outdoor  lighting,  as  the  upward  light  would  be  en¬ 
tirely  lost  in  space,  whereas  in  the  room,  the  ceiling  might  re¬ 
flect  back  25  per  cent,  of  the  light  for  useful  purposes.  Again, 
assuming  it  were  possible  to  blacken  the  side  of  the  sun  which  is 
turned  away  from  the  earth,  that  is  to  say,  the  surface  of  its 
most  distant  hemisphere,  its  mean  spherical  candle  power  would 
be  reduced  one-half,  without  impairing  its  value  to  the  earth  as  a 
producer  of  daylight.  From  the  standpoint  of  utility,  therefore, 
it  is  obvious  that  the  mean  lower  hemispherical  candle  power  is 
by  far  the  better  basis  for  comparison. 

On  this  basis,  the  recent  reports  of  the  National  Electric 
Light  Association  indicate  that  the  six-glower  Nernst  is  17  per 
cent,  more  efficient  than  the  alternating  current  and  7  per  cent, 
more  efficient  than  the  direct  current  multiple  enclosed  arc  lamps. 
This  in  itself  would  establish  the  efficiency  of  the  Nernst  as  be¬ 
ing  twice  that  of  the  incandescent,  in  view  of  the  recognized 
standing  of  the  latter  as  compared  with  the  arc. 

Recently,  some  work  has  been  done  at  the  Nernst  Lamp 
Works  in  Pittsburg  toward  obtaining  a  more  practical  com¬ 
parison  of  modern  electric  illuminants  along  the  lines  originally 
suggested  by  Mr.  Wurts.  A  room  approximately  20'xqo'  was 
divided  by  means  of  an  opaque  curtain  into  two  compartments, 
each  20  x20'  and  both  compartments  furnished  in  an  exactly  sim¬ 
ilar  manner,  the  only  difference  being  that  one  compartment  was 
lighted  by  Nernst  lamps  of  different  types  and  the  other  with 
Arc,  Meridian  and  incandescent  lamps.  The  illuminants  in  both 
rooms  were  arranged  to  the  best  possible  advantage  for  each  par¬ 
ticular  illuminant  for  effective  illumination ;  each  particular  type 
of  lamp  being  separately  connected  to  a  common  switchboard, 
carrying  an  indicating  watt  meter  which,  in  turn,  may  be  quickly 
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connected  to  any  particular  circuit.  The  one  room  may  thus 
be  lighted  bv  any  one  type  of  Xernst  lamps,  and  the  other  by 
the  Arc,  Meridian  or  incandescent  lamps  at  the  same  time,  so 
that  an  observer  stationed  at  the  intersection  of  the  dividing  cur¬ 
tain  and  the  wall  may  compare  the  general  illumination  of  the 
two  rooms.  The  average  opinion  of  a  number  of  observers  as 
to  the  respective  merits  of  the  lamps,  was  based  upon  the  gen¬ 
eral  appearance  of  the  rooms  under  the  illumination  furnished, 
and  special  visual  .tests  in  each  room,  such  as  the  ability  to  read 
fine  print.  While  the  work  is  yet  in  an  uncompleted  state,  the 
results  so  far  point  to  the  following  conclusions : 

6-glower  lamp ;  528  watts ;  Equivalent  in  illuminating  power 

to  7J  amp.  multiple  A.  C.  en- 
•  closed  arc.  Also  20  16  C.  P.  in¬ 

candescent  lamps. 

•  •  ^ 

4-glower  lamp ;  352  watts ;  Equivalent  in  illuminating  power 

to  6.6  amp.  multiple  A.  C.  en¬ 
closed  arc. 


3-glower  lamp ;  264  watts ;  Equivalent  to  a  4-burner  gas  arc, 

or  9^  16  C.  P.  incandescent 
lamps. 

2-glo\ver  lamp;  176  watts;  Equivalent  to  6  16  C.  P.  ordinary 

incandescent  lamps. 

1 -glower  lamp;  88  watts;  Equivalent  to  1  ordinary  Wels- 

bach  gas  burner,  or  3  16  C.  P. 
incandescent  lamps. 

Photometric  tests  on  the  various  units  of  the  Xernst  lamp, 
indicate  that  the  efficiency  increases  with  the  number  of  glowers. 
This  is  readily  accounted  for  by  the  resistance  temperature  char¬ 
acteristic  of  the  glower  and  the  fact  that  the  several  glowers  tend 
to  heat  each  other ;  this  mutual  heating  effect  being,  of  course, 
greater  as  the  number  of  glowers  is  increased. 

To  rehearse  briefly  the  other  advantages  of  the  Xernst  lamp, 
we  would  first  mention  that  of  the  “Sunlight  Character”  of  the 
light  produced.  Owing  to  the  peculiar  composition  of  the  glower 
and  the  extremely  high  temperature  at  which  it  operates,  the  color 
of  the  light  is  very  close  to  that  of  sunlight.  The  lamp  therefore 


546  engineers’  society  of  western  Pennsylvania. 

holds  a  distinct  advantage  in  this  respect  over  other  lights  for 
store  illumination,  where  it  is  important  that  colors  be  pre¬ 
sented  in  their  natural  values,  so  as  to  facilitate  the  matching  of 
colors  or  selection  of  colored  goods  by  the  customer.  In  com¬ 
parison,  the  Arc  has  a  violet  color,  the  incandescent  a  reddish 
yellow  and  the  gas  mantle  burner  a  greenish  yellow  light. 

This  particular  feature  of  the  Nernst  lamp  has  already  won 
for  it  pre-eminence  in  the  special  field  of  Art  Gallery  lighting. 

Up-to-date  experts  on  illumination  are  fast  coming  to  the 
decision  that  an  overhead  system  of  lighting  is  the  one  to  be 
desired  and  that  the  days  of  the  low  hanging  chandelier  are  num¬ 
bered.  By  “overhead'’  system  we  refer  to  one  in  which  the 
lights  are  kept  at  a  good  elevation,  so  as  to  be  removed  from  the 
ordinary  range  of  vision.  This,  of  course,  is  the  natural  and 
proper  method,  because  when  the  lamps  are  placed  only  a  short 
distance  above  the  plane  of  vision,  there  is  always  a  bright  light 
in  the  field  of  vision.  This  not  only  decreases  the  effective  illumi¬ 
nation,  owing  to  the  contraction  of  the  pupil  of  the  eye,  but  it  is 
a  frequent  cause  of  eye-strain. 


As  may  be  seen  from  the  accompanying  curves  about  90  per 
cent,  of  the  light  from  the  Nernst  lamp,  is  given  off  in  the  lower 
hemisphere ;  the  maximum  intensity  being  obtained  directly  be¬ 
neath  the  lamp.  In  this  respect,  it  is  therefore  especially  adapted 
to  the  most  approval  and  natural  system  of  lighting. 

The  Nernst  system  is  also  rendered  extremely  flexible  owing 
to  the  different  units  available  as  enumerated  above,  and  it  is 
possible  to  use  both  large  and  small  units  in  the  same  installa- 
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tion  and  obtain  an  illumination  uniform  throughout,  both  in 
quantity  and  quality,  which  is  far  superior  to  a  mixed  system  of 
Arcs  and  incandescents,  giving  an  illumination  of  mixed  color 
and  quality. 

The  well  known  advantage  of  the  high  voltage  of  the  Xernst 
in  the  saving  of  line  losses  and  wiring  needs  no  discussion  and 
your  attention  is  simply  called  to  the  fact  that  the  lighting  ca¬ 
pacity  of  any  part  of  the  incandescent  supply  circuit  may  be  in¬ 
creased  four  fold  by  substituting  Xernst  lamps,  assuming  the  cir¬ 
cuit  to  be  previously  loaded  to  its  full  capacity  with  no  volt 
incandescents. 

Perfect  steadiness  of  the  light,  absence  of  shadow,  ioo  per 
cent,  power  factor  and  general  neat  appearance  of  the  lamp 
itself,  are  all  advantages  which  may  be  claimed  for  the  Xernst 
lamp  over  the  modern  A.  C.  multiple  enclosed  arc. 

The  following  reasons  may  be  advanced  showing  that  the 
Xernst  lamp  is  principally  a  Central  Station  proposition : 

As  a  comparatively  new  illuminant,  its  requirements  from  the 
maintenance  standpoint  are  apt  to  cause  criticism  and  prejudice, 
unless  cared  for  in  an  intelligent  manner.  This  the  Central  Sta¬ 
tion  is  best  prepared  to  give. 

Its  high  voltage  feature  will  effect  a  saving  in  the  copper  in¬ 
vestment. 

Its  efficiency  will  enable  the  Company  to  increase  the  light¬ 
ing  capacity  of  its  station  equipment. 

It  is  not  effected  to  so  great  an  extent,  as  are  incandescent 
lamps  by  continuous  overload,  arid  the  regulation  need  not  be 
so  exact. 

DISCUSSION. 

Mr.  R.  L.  Frink — You  show  in  one  illustration  that  it 
takes  34  amperes  for  starting  the  lamp.  Does  that  have  any  effect 
on  the  specifications  in  wiring? 

Mr.  E.  R.  Roberts — We  have  not  found  it  so.  The  high 
initial  current  lasts  only  for  a  small  fraction  of  a  second  .  Besides 
the  lamps  are  hardly  ever  thrown  on  all  at  one  time,  so  that  the 
wattage  at  any  one  instant  is  hardly  likely  to  exceed  the  allow¬ 
able  wattage  of  the  circuit. 
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Mr.  R.  L.  Frink — Suppose  we  had  a  fused  circuit  carrying' 
six  lights  operated  from  one  switch.  If  we  threw  on  all  six 
lights,  would  it  blow  the  fuse? 

Mr.  E.  R.  Roberts — That  has  been  tried  and  it  seems  that 
the  over-load  effect  takes  place  too  quickly  for  the  fuse  to  blow. 

Mr.  R.  L.  Frink — Do  you  make  a  lamp  that  operates  with 
direct  current? 

Mr.  E.  R.  Roberts — Not  yet.  It  is  rather  curious  that  the 
practice  in  Europe  is  altogether  on  direct  current,  whereas  it  is 
just  the  opposite  in  this  country. 

Mr.  J.  M.  Camp — The  materials  in  the  glowers  are  not  very 
much  of  a  secret.  Can  you  give  us  the  names  of  those  elements? 

Mr.  E.  R.  Roberts — The  glower  is  composed  of  several  of 
the  rare  earths,  as  Yttrium,  Erbium,  Cerium,  Zirconium,  Uranium, 
>  Thorium,  and  others  of  that  group.  The  standard  glower  is  made 
from  a  mixture  of  the  metal  oxides  of  these  elements. 

.  Mr.  F.  W.  Winter — I  had  the  pleasure  of  meeting  Dr. 
Nernst  in  the  summer  of  1898  when  he  was  in  this  country  and 
he  gave  an  exhibition  in  the  Patent  Office  with  reference  to  his 
lamp.  We  saw  the  peculiar  sight  of  an  electric  lamp  being  lighted 
by  a  match.  He  had  a  small  exhibition  lamp  which  was  put  in 
the  circuit  and  the  current  turned  on.  He  then  lighted  an  ordi¬ 
nary  match  and  held  it  under  the  glower,  and  before  the  match 
stick  was  consumed  the  glower  had  been  heated  sufficiently  to 
become  a  conductor.  The  fact  that  these  rare  earths  were  con¬ 
ductors  at  a  high  temperature  was  known  long  before  Dr.  Nernst 
made  his  announcement.  There  is  a  class  of  materials  known  as 
electrolites  which  are  non-conductors  when  cold,  but  conductors 
when  at  a  high  temperature.  There  are  very  many  materials  of 
the  kind ;  porcelain,  lime,  and  magnesia  are  some  of  the  more 
common  earths  that  act  in  that  way.  As  early  as  the  Exposition 
in  Paris  in  1878  there  was  exhibited  a  curiosity  in  the  form  of  a 
lamp  called  Jablochkoff’s  Candle,  named  after  the  inventor.  It 
consisted  of  a  small  block  of  porcelain  mounted  between  two  ter¬ 
minals  ;  a  conductor  would  be  placed  across  the  terminal  in  con¬ 
tact  with  the  porcelain.  The  conductor  was  any  strip  of  metal 
that  would  conduct  the  current.  That  was  to  start  the  conduction. 
The  current  flowing  through  the  conductor  heated  the  porcelain 
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and  finally  the  latter  became  a  conductor  and  glowed.  Bv  that 
time  the  heat  had  become  so  great  that  the  metal  conductor  was 
entirely  burned  away,  but  the  porcelain  would  keep  on  glowing 
as  long  as  the  current  was  maintained.  That  was  far  from  a 
commercial  proposition,  as  it  made  it  necessary  to  apply  a  metal 
conductor  each  time  the  device  was  used.  But  it  shows  how  old, 
really,  is  the  principle,  broadly  considered,  of  the  Nernst  lamp. 
It  was  followed  a  number  of  years  after  by  various  applications 
of  conductors  of  the  second  class  for  producing  light.  I  remem¬ 
ber  one  which  consisted  of  a  small  body  of  magnesia  with  a  metal 
conductor  passing  through  it.  When  the  current  was  turned  on, 
the  heat  from  the  conductor  would  gradually  heat  the  magnesia 
until  the  latter  became  a  conductor  and  glower.  Obviously  this 
was  a  very  wasteful  device,  because  the  metal  conductor  was  con- 
suming  a  certain  amount  of  current  without  producing  light.  It 
is  not  a  commercial  proposition.  I  think  that  Dr.  Nernst's  dis¬ 
covery  was  that  greater  efficiency  in  light  effect  could  be  ob¬ 
tained  by  using  the  rare  earths,  instead  of  the  more  common 
ones,  a  most  important  discovery  from  a  commercial  point  of 
view ;  also  an  arrangement  for  automatically  heating  the  glower 
and  then  cutting  out  the  heater  so  as  to  stop  the  waste  of  current 
through  the  heater.  That  was  the  real  problem  that  had  to  be 
met  in  order  to  make  the  lamp  a  commercial  success. 

Mr.  W.  Whited — Speaking  of  the  Jablochkoff  lights,  I 
know  they  were  tried  in  New  York  City  on  a  commercial  scale 
about  1880  or  1881.  As  I  understand  it,  the  way  they  used  what 
they  called  candles,  which  consisted  of  two  porcelain  rods  1/16" 
or  so  apart,  vertical  and  parallel  with  a  metal  connection  across 
the  top,  which  burned  out  when  the  current  started.  They  were 
used  with  alternating  current,  and  an  arc  was  carried  across  the 
tops  which  gradually  burned  away  the  rods.  If  the  current 
stopped  for  any  reason,  it  could  not  be  started  again  through  a 
partly  burned  candle,  a  new  candle  had  to  be  substituted. 

Mr.  F.  W.  Winter — That  was  a  modification  of  the  one  that 
I  described,  and  it  was  a  later  development.  It  had  two  conductors 
practically  parallel  with  a  block  of  porcelain  between,  which  was 
heated  by  the  arc.  The  porcelain  was  rather  small  so  that  the 
voltage  would  carry  the  arc  across  the  gap  between  the  two  con- 
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ductors  which  gradually  wore  down  and  the  porcelain  also.  It 
was  in  reality  an  incandescent  arc,  in  which  the  arc  heated  the 
block  of  porcelain  to  incandescence. 

Mr.  E.  R.  Roberts — Great  credit  is  due  Dr.  Nernst  that  he 
discovered  a  commercial  composition  for  the  glower.  Magnesium 
glowers  had  been  made  prior  to  his  discovery,  which  were  not, 
however,  of  any  practical  value.  Early  lamps  made  by  Dr.  Nernst 
were  non-automatic  in  their  operation,  and  the  heater  was  op¬ 
erated  by  a  simple  switch  in  the  body  of  the  lamp.  As  soon  as 
the  glower  became  sufficiently  heated  to  light  up,  this  switch  was 
thrown  out.  The  cut-out  was  really  developed  in  this  country. 

The  early  records  indicate  that  the  manufacture  of  cut-outs 
was  first  taken  up  by  Mr.  Henry  Noel  Potter,  an  assistant  of  Dr. 
Nernst.  Air.  Potter  developed  some  very  neat  designs  in  the 
thermostatic  cut-out,  in  which  both  the  ballast  and  cut-out  was 
enclosed  in  a  common  glass  tube,  so  that  the  heat  from  the  ballast 
wire  would  cause  the  expansion  of  certain  metals  and  the  sepa¬ 
ration  of  certain  contacts.  All  the  lamps  at  the  late  Paris  Ex¬ 
position  were  constructed  without  electrical  heaters,  and  the  man 
in  lighting  the  lamps,  passed  around  among  them  with  a  torch 
and  started  them  as  he  would  ordinary  gas  lamps. 

Mr.  J.  K.  Lyons — The  breakage  of  globes  is  quite  an  item 
in  maintenance  and  if  those  glowers  will  work  exposed  to  the 
atmosphere  the  maintenance  would  be  still  further  lowered. 

Mr.  E.  R.  Roberts — I  don’t  think  there  is  much  chance  of 
such  practice  being  adopted  commercially.  The  globe  is  really 
necessary  to  give  better  diffusion  of  the  light.  The  naked  glower 
gives  too  bright  a  light.  It  would  be  injurious  to  the  eyes  and 
like  the  open  arc  would  cause  a  dense  shadow.  Besides  I  don’t 
think  it  would  be  allowable,  from  the  underwriter’s  standpoint, 
to  leave  an  incandescent  body  naked  in  that  way. 

Mr.  F.  W.  H.  Clay — Have  there  been  any  experiments  made 
having  in  view  a  sliding  contact  of  some  sort  that  the  amount 
of  light  may  be  regulated? 

Mr.  E.  R.  Roberts — We  have  lately  developed  an  attachment 
by  means  of  which  it  is  possible  to  throw  half  the  number  of 
glowers  out  of  service.  Either  half  or  all  of  the  normal  candle 
power  may  be  used.  Any  sliding  metal  contact  we  could  use 
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there  would  melt  off  on  the  incandescent  portion  of  the  glower. 
The  platinum  terminals  are  connected  to  the  glower  through  a 
bead  consisting  of  fused  glower  material,  and  that  bead  being 
larger  than  the  other  portion  of  the  glower  is  kept  cooler  by  the 
greater  radiating  surface.  We  could  not  have  a  sliding  metal 
contact  on  the  glower  proper  under  such  a  high  state  of  incan¬ 
descence.  There  is  no  metal  that  would  stand  it. 
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FACTS  CONCERNING  PATENTS  NOT  GENERALLY 
UNDERSTOOD,  OR  OF  GENERAL  INTEREST 

TO  ENGINEERS*. 


BY  FREDERICK  W.  WINTER, 

Member  Engineers’  Society  of  Western  Penn’a. 

From  scientific  and  technical  engineering  subjects  to  patent 
law  is  a  far  cry,  and  a  paper  of  the  character  of  this  before  an 
engineering  society  is  proper  merely  because  a  large  number  of 
inventions  emanate  from  engineers,  and  especially  from  me¬ 
chanical  men.  Engineers  should,  therefore,  have  a  general 
knowledge  as  to  what  rights  they  have  in  inventions  made  by 
themselves,  or  by  those  associated  with  them,  the  manner  of  secur¬ 
ing  and  enforcing  those  rights,  and,  in  general,  to  be  in  posses¬ 
sion  of  such  information  on  the  subject  as  to  be  able  to  act  ad¬ 
visedly  in  regard  thereto. 

Basis  of  our  Patent  System.  The  patent  statutes  of  the 
United  States  are  based  upon  Article  i,  Section  8,  of  the  Consti¬ 
tution,  which  provides  that  Congress  shall  have  power  to  pro¬ 
mote  the  progress  of  science  and  useful  arts  by  securing  for 
limited  times  to  inventors  the  exclusive  right  to  their  respective 
discoveries. 

This  constitutional  provision  gives  the  underlying  principle 
of  our  patent  statutes,  and  shows  that  the  reward  of  the  inventor 
is  not  the  primary  object  aimed  at.  But  it  is  a  necessary  incident. 
The  framers  of  the  constitution  perceived  that  the  progress  of 
science  and  the  useful  arts  could  best  be  promoted  by  furnishing 
an  incentive  to  make  improvements,  and  that  the  best  incentive 
is  some  personal  reward  or  advantage  to  the  inventor.  Accord¬ 
ingly  an  inventor  for  a  certain  period  is  given  an  exclusive  right 
to  his  inventions  and  discoveries ;  that  is,  a  monopoly.  As  a  consid¬ 
eration  he  is  required  to  describe  and  illustrate  the  invention  in 
his  patent  specification  and  drawings  so  fully  and  clearly  that  a 
person  skilled  in  the  industry  to  which  the  invention  relates  can 
make  and  use  the  invention ;  to  the  end  that  after  the  monopoly 
has  expired,  the  public  will  be  able  to  use  and  derive  benefit 
therefrom. 


^Address  delivered  before  Mechanical  Section,  Dec.  i,  1904. 
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Therefore  an  inventor  applying-  for  a  patent  must  disclose 
his  entire  invention,  the  principle  thereof,  and  the  best  manner 
of  applying  the  same.  He  cannot  withhold  any  part  thereof; 
otherwise  the  patent  will  be  void.  If  he  wishes  to  keep  the  whole 
or  any  part  of  his  invention  secret,  the  patent  statutes  give  him 
no  aid.  This  statement  is  ventured  because  the  writer  has  been 
asked  to  secure  patents  for  inventions  which  the  inventors  did  not 
care  to  disclose  fully  even  to  their  attorney.  Clearly  all  such  ef¬ 
forts  are  futile. 

What  is  Patentable.  The  statutes  provide  for  the  grant  of 
patents  for  new  and  useful  arts,  machines,  manufactures,  com¬ 
positions  of  matter,  improvements,  and  designs. 

The  term  “art”  covers  what  are  ordinarily  known  as  meth¬ 
ods  or  processes,  where  the  improvement  consists  in  the  manner 
or  mode  of  accomplishing  the  result,  as  distinguished  from  the 
mechanical  appliances  necessary  for  this  purpose. 

The  term  “machine”  is  self-explanatory. 

The  term  “composition  of  matter”  covers  all  mixtures  of 
several  ingredients  whether  chemical  combinations  or  mechanical 
mixtures.  Soaps,  powders,  paints,  etc.,  are  examples  of  well- 
known  compositions  of  matter. 

A  “manufacture”  in  the  meaning  of  the  patent  statutes  is 
anything  made  by  the  hand  of  man  and  which  is  subject  to  man¬ 
ufacture  and  sale.  This  term  is  a  broad  and  elastic  one,  and  the 
interpretation  given  to  it  bv  the  courts  bring  within  it  all  inven¬ 
tions  which  cannot  properly  be  classified  under  the  other  heads. 

The  term  “improvement”  in  the  statutes  is  largely  super¬ 
fluous,  for  in  a  sense  every  improved  device  is  a  new  device ;  or, 
vice  versa,  most  new'  devices  are  merely  improvements  over  prior 
devices.  In  the  history  of  our  patent  system  there  have  been  but 
few  genericallv  new  devices  or  processes. 

The  inventor  need  not  concern  himself  under  which  one  of 
the  statutory  classes  his  invention  belongs.  Neither  do  the  Patent 
Office  and  the  courts  concern  themselves  with  this  question,  it  be¬ 
ing  sufficient  that  the  invention  is  new,  and  that  it  marks  an  ad¬ 
vance  in  science  and  the  useful  arts.  The  statutory  classes  of 
mechanical  inventions  will  be  stretched  to  cover  it. 
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The  term  “design”  in  the  patent  statutes  has  a  different  mean¬ 
ing  from  what  it  has  in  engineering,  where  it  is  often  used  to 
mean  a  new  plan  or  arrangement  of  mechanical  parts  for  getting 
new  or  improved  functions.  For  instance,  a  new  design  of  motor 
is  a  new  motor. 

All  such  matters  in  the  eye  of  the  patent  statutes  are  sub¬ 
jects  for  mechanical,  and  not  for  design,  patents.  The  term  “de¬ 
sign'’  in  the  statutes  is  limited  to  matters  of  ornament  or  con¬ 
figuration  appealing  to  the  aesthetic  sense  and  not  to  utility ; 
such  as  a  new  design  for  spoons,  jewelry,  vases,  and  the  like. 

Utility.  An  improvement  to  be  patentable  must  be  useful. 
This  does  not  mean  that  the  device  must  be  more  efficient  or 
economical  than  prior  devices  of  the  same  character.  It  is  use¬ 
ful  within  the  meaning  of  the  statute  if  it  is  capable  of  produc¬ 
ing  a  result,  and  that  result  is  a  good  one,  even  though  it  may 
not  be  an  advance  upon  prior  devices  of  the  same  kind.  The  de¬ 
gree  of  utility  is  not  inquired  into  by  the  Patent  Office. 

If  a  device  is  incapable  of  producing  any  result  whatsoever, 
it  is  inoperative  and  not  patentable.  So,  too,  if  the  device  is  in¬ 
jurious  to  the  morals,  health,  or  good  order  of  society,  it  is  not 
“useful"  within  the  meaning  of  the  patent  statutes.  Upon  this 
ground  the  Patent  Office  refuses  to  grant,  and  the  courts  refuse 
to  sustain,  patents  for  deleterious  compositions  and  compounds 
of  food  products  and  the  like,  and  for  devices  which  can  be  used 
only  for  immoral  or  unlawful  purposes.  The  more  completely 
such  an  invention  could  perform  its  functions  the  more  objec¬ 
tionable  it  would  be  for  want  of  utility. 

If,  however,  a  device  is  capable  of  a  good  result  it  is  patent- 
able,  even  though  it  may  be  used  for  some  unlawful  or  immoral 
purpose.  The  evil  in  such  case  is  not  inherent  in  the  invention, 
but  is  a  fault  of  the  user,  for  which  the  latter,  and  not  the  in¬ 
ventor,  should  be  punished. 

Subject  to  the  exception  in  regard  to  the  utility  of  an  in¬ 
vention  it  is  a  general  rule  that  all  changes  or  improvements, 
whether  mechanical,  electrical,  chemical,  structural,  or  otherwise, 
in  a  method  or  process,  tool,  machine,  appliance,  device,  manu¬ 
factured  article  or  composition  of  matter,  in  all  arts,  are  patent- 
able,  providing  they  are  nezv  and  are  the  result  of  invention. 
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The  statutory  classes  of  invention  have  been  given  a  sufficiently 
broad  and  elastic  interpretation  to  cover  the  whole  range  of  hu¬ 
man  activities  and  industries. 

Invention.  As  to  what  constitutes  invention  no  general 
rule  can  be  laid  down.  There  are  many  improvements  which 
are  the  natural  result  of  the  advancement  of  an  industry  and 
which  are  suggested  by  many  persons  whenever  the  occasion  de¬ 
mands.  There  also  are  many  changes  which  are  merely  the  ex¬ 
pected  skill  of  an  ordinary  mechanic  working  in  those  lines.  All 
such  changes  are  not  “inventions”  within  the  meaning  of  the  pa¬ 
tent  statutes,  and  are  not  patentable. 

In  general,  invention  may  be  said  to  consist  in  bringing  forth 
that  which  theretofore  was  hidden  to  persons  skilled  in  that  par¬ 
ticular  art.  The  amount  of  change  necessary  to  constitute  in¬ 
vention  may  be  very  small,  or  may  be  required  to  be  quite  radical, 
depending  upon  various  factors,  but  principally  upon  the  ad¬ 
vantages  and  results  following  from  the  change.  If  the  benefits 
are  very  great,  and  the  public  and  manufacturers  are  anxious 
to  adopt  the  improvement  as  soon  as  known,  it  will  be  held  to 
show  that  even  a  very  slight  change  was  the  doing  of  something 
which  before  was  hidden,  and  hence  to  be  an  invention.  On 
the  other  hand,  where  there  is  no  marked  resulting  advantage, 
the  courts  require  a  greater  degree  of  change  in  order  to  find  the 
presence  of  invention. 

Novelty.  The  question  of  the  newness  or  novelty  of  an  in¬ 
vention  is  purely  one  of  fact,  and  one  upon  which  no  opinion 
can  be  expressed  without  a  detailed  knowledge  or  examination 
of  the  art  to  which  the  invention  relates.  Under  the  statute,  an 
invention  is  not  new  if  it  was : — 

(1)  Patented  in  this  or  any  foreign  country  before  the  ap¬ 
plicant’s  invention  or  discovery  thereof,  or  more  than  two  years 
prior  to  the  application  for  patent ; 

(2)  Described  in  a  printed  publication  in  this  or  any  foreign 
country  prior  to  such  invention  or  discovery,  or  more  than  two 
years  prior  to  the  application ; 

(3)  Known  or  used  in  this  country  prior  to  such  invention 
or  discovery,  or 
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(4)  In  public  use  or  on  sale  in  this  country  for  more  than 
two  years  prior  to  the  application. 

It  follows  that  knowledge  or  use  of  an  invention  in  a  foreign 
country  does  not  affect  a  patent  granted  in  this  country,  unless 
such  invention  was  either  patented  or  described  in  some  printed 
publication. 

Novelty  can  be  determined  only  by  an  examination  of  all 
prior  patents,  publications,  and  uses  in  the  same  and  analogous 
classes  of  inventions.  This,  to  be  thorough,  covers  a  very  wide 
range. 

Term  of  Patent.  All  mechanical  patents  are  granted  for 
the  uniform  term  of  17  years.  This  is  not  now  affected  by  the 
existence  of  any  prior  shorter  term  foreign  patents  for  the  same 
invention,  the  only  requirement  being  that  if  a  patent  is  first 
taken  out  in  a  foreign  country,  the  application  in  this  country 
must  be  filed  within  12  months  after  the  filing  of  the  foreign  ap¬ 
plication.  The  term  of  17  years  can  be  extended  only  by  a  special 
act  of  Congress,  and  this  has  not  been  done  in  any  case,  and  is 
not  likely  to  be  done. 

In  case  there  is  a  material  error  in  the  patent,  or  if  it  is  in¬ 
operative  or  invalid  by  reason  of  a  defective  or  insufficient  speci¬ 
fication  or  claim,  it  may  be  reissued,  but  such  reissued  patent 
will  continue  in  force  only  for  the  unexpired  term  of  the  original 
patent. 

Design  patents  are  granted  for  terms  of  3J,  7,  or  14  years, 
at  the  option  of  the  applicant.  He  must  make  his  selection  of 
the  term  at  the  time  he  files  his  application.  It  cannot  be  made 
thereafter. 

The  Right  Granted  by  Patent.  All  patents  give  an  exclusive 
right  during  the  term  of  the  patent  to  (1)  make,  (2)  use  and 
(3)  sell  the  invention  covered  thereby.  Infringement  therefore 
may  occur  either  by  making,  or  by  using,  or  by  selling  the  device. 
Where  one  party  manufactures  a  patented  device,  another  party 
sells  it,  and  a  third  party  uses  it,  they  are  each  liable  for  the  en¬ 
tire  infringement,  and  the  patentee  can  choose  which  of  the  three 
he  will  sue,  thus  being  able  to  select  the  one  most  able  to  respond 
in  damages. 
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Patent  rights  extend  to  all  of  the  United  States  and  terri¬ 
tories,  but  not  beyond  the  same.  Vice  versa,  patents  granted 
in  foreign  countries  give  no  protection  in  this  country.  There¬ 
fore  it  is  no  aid  to  the  protection  in  this  country  to  also  take  out 
patents  in  foreign  countries.  The  seller  or  user  in  this  country 
of  an  article  manufactured  abroad  will  be  liable  for  infringe¬ 
ment  of  any  United  States  patent  covering  said  article. 

A  patent  gives  an  exclusive  right  only  for  that  which  is  dis¬ 
tinctly  claimed.  If  no  sufficient  claim  is  made,  the  courts  will 
give  no  relief,  even  if  the  invention  is  exceedingly  valuable. 
The  utmost  care  should  therefore  be  exercised  in  drawing  the 
claims  of  a  patent.  It  is  possible  to  so  restrict  the  claims  for 
a  very  valuable  invention  that  it  will  be  easy  for  others  to  devise 
forms  of  apparatus  which  accomplish  the  same  result  but  do 
not  infringe  the  patent.  The  claims  should  cover  all  possible 
mechanical  embodiments  of  the  principle  of  the  invention,  so  that 
others,  even  though  they  originate  new  mechanical  constructions 
or  combinations,  cannot  avoid  infringement. 

Patent  claims  usually  are  drawn  to  combinations  of  the 
various  elements  which  constitute  the  new  device.  Infringement 
does  not  exist  unless  all  elements  of  the  claims  are  employed  by 
the  defendant.  In  other  words,  the  combination  of  a  claim  must 
be  used  in  its  entirety  or  else  infringement  does  not  exist.  It 
is  therefore  essential  that  the  claims,  or  at  least  the  broad  claim, 
should  contain  no  element  or  limitation  which  is  not  absolutely 
essential  to  the  principle  of  the  invention.  Brevity  in  patent 
claims  is  desirable. 

The  monopoly  does  not  begin  until  the  patent  has  actually 
issued.  While  the  application  is  still  pending  in  the  Patent 
Office  the  inventor  has  no  right  to  sue  others  for  infringement. 

Several  Claimants  for  Same  Invention.  It  is  never  absolute¬ 
ly  certain  that  a  patent  can  be  obtained  until  it  is  actually  grant¬ 
ed.  Several  parties  may  apply  for  a  patent  on  the  same  invention, 
and  in  that  case  the  applications  will  be  put  in  what  are  known 
as  “interference"  proceedings,  in  which  the  parties  will  be  required 
to  take  testimony  to  prove  who  is  the  first  inventor,  and  the  pa¬ 
tent  will  be  granted  accordingly. 
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The  first  inventor  is  the  person  who  first  perfected  the  in¬ 
vention  and  put  it  into  a  form  capable  of  actual  use,  or,  as  it  is 
technically  known,  “reduced  the  invention  to  practice.”  The 
best  evidence  of  a  completed  invention  is  an  actual  commercial 
use  thereof.  But  there,,  is  a  rule  that  the  filing  of  an  allowable 
application  for  patent  is  a  “constructive  reduction  to  practice” 
and  has  the  same  force  and  effect  in  a  contest  on  priority  of  in¬ 
vention  as  an  actual  commercial  use. 

While  the  general  rule  is  that  the  first  inventor  is  he  who 
first  reduced  the  invention  to  practice,  an  exception  is  recognized 
in  favor  of  a  party  who  was  the  first  to  conceive  of  the  invention, 
but  the  last  to  reduce  it  to  actual  practice,  providing  he  was 
using  reasonable  diligence  in  perfecting  and  adapting  the  same. 
What  constitutes  reasonable  diligence  depends  upon  the  particular 
circumstances  of  each  case.  The  means  at  the  command  of  a 
person,  his  employment,  and  other  surrounding  circumstances, 
his  health,  the  complication  of  the  invention,  and  cost  of  perfect¬ 
ing  it,  are  all  factors  which  enter  into  this  question.  What  the 
law  requires  is  reasonable,  and  not  the  utmost,  diligence.  But 
the  Patent  Office  does  not  look  with  favor  upon  delays,  and  it 
requires  a  good  excuse  in  all  cases.  The  theory  is  that  the  party 
who  first  adapts  an  invention  for  actual  use  should  not  be  barred 
by  the  stale  claims  of  a  prior  conceiver  who  has  slept  on  his 
rights. 

The  Patent  Office  does  not  require  mechanical  perfection, 
but  will  allow  an  application  which  shows  a  theoretically  opera¬ 
tive  device  and  clearly  describes  the  principle  thereof.  Since  the 
filing  of  such  an  allowable  application,  in  a  contest  of  priority  of 
invention,  has  the  same  force  and  effect  as  an  actual  use  of  the 
device,  it  is  advisable  for  inventors  to  make  application  for  patent 
as  soon  as  they  have  theoretically  perfected  the  invention  and  not 
wait  until  they  can  put  it  into  actual  use,  unless,  of  course,  they 
are  so  sifuated  that  they  can  speedily  give  the  invention  an 
actual  test. 

Even  after  a  patent  is  granted  another  party  may  file  an 
application  for  the  same  invention  and  be  put  in  interference  with 
the  patent.  If  he  is  able  to  prove,  by  evidence  which  does  not 
admit  of  a  doubt,  that  he  first  completed  the  invention,  a  patent 
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will  also  be  granted  to  him.  The  Patent  Office,  however,  cannot 
call  back  or  annul  the  patent  first  granted.  It  will  merely  be 
decided  that  the  patentee  was  not  the  first  inventor  and  a  patent 
will  be  granted  to  the  applicant. 

The  Patent  Office  has  no  jurisdiction  over  a  patent  after  it 
is  granted  except  to  declare  an  interference  between  it  and  a 
subsequent  application,  or  to  grant  a  reissue  of  the  patent  in  case 
it  is  invalid  or  inoperative  by  reason  of  a  defective  or  insufficient 
specification. 

Patent  Docs  not  Guarantee  That  Invention  Can  be  Used.  The 
grant  of  a  patent  is  no  indication  that  the  device  covered  thereby 
can  be  used  without  infringing  prior  patents.  This  is  a  point 
upon  which  much  misunderstanding  exists.  Many  persons  as¬ 
sume  that  because  the  Patent  Office  grants  a  patent,  the  patentee 
has  a  perfect  right  to  use  the  device  covered  thereby.  This  is  an 
error.  The  Patent  Office  does  not  pass  upon  the  question  of  in¬ 
fringement,  but  merely  decides  whether  the  applicant  has  made 
a  patentable  improvement  over  prior  devices.  Most  patents  cover 
mere  improvements  upon  prior  devices,  and  it  frequently  happens 
that  there  are  still  in  force  prior  patents  which  cover  fundamental 
principles  of  the  device,  and  which  will  be  infringed  bv  the  im¬ 
proved  device,  if  the  latter  performs  the  same  function  by  the 
same  or  equivalent  means.  To  illustrate:  The  original  Bell  pa¬ 
tent  covered  the  fundamental  principles  of  transmitting  speech 
electrically.  Within  a  few  years  thereafter,  and  during  the  life 
of  that  patent,  others  invented  and  patented  many  different  forms 
of  transmitters  which  were  improvements  upon  the  transmitter 
shown  in  the  Bell  patent.  These  improvements  were  clearly  pa¬ 
tentable ;  but  they  were  just  as  clearly  infringements  of  the  Bell 
patent,  because  they  of  necessity  operated  on  the  principle 
covered  by  that  patent. 

But  in  many  arts  to-day  the  existing  patents  are  limited  to 
such  specific  improvements  that  other  improvements  do  not  in¬ 
fringe. 

All  patents  are  pnma  facie  valid.  They  may,  however,  be 
invalid  for  many  reasons.  The  Examiners  in  the  Patent  Office 
are  human  and  liable  to  error.  They  also  have  not  available  the 
material  for  all  grounds  upon  which  a  patent  might  be  refused 
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or  invalidated.  Patents  can  be  refused  upon  publications  or  de¬ 
scriptions  of  the  invention  in  scientific  and  technical  journals  or 
books  in  all  languages.  The  Patent  Office  has  not  files  of  many 
publications,  and  many  which  they  have  are  not  available  within 
the  limited  time  in  which  the  Examiner  must  dispose  of  a  case. 
So,  too,  a  patent  may  be  refused  upon  a  prior  use  of  the  inven¬ 
tion  in  some  remote  part  of  the  United  States,  and  which  may 
be  known  to  only  a  limited  number  of  persons.  Obviously,  the 
Patent  Office  is  not  in  a  position  to  know  of  all  uses. 

There  are  therefore  many  elements  entering  into  the  validity 
of  a  patent  upon  which  the  Patent  Office  passes  no  opinion.  A 
more  extended  examination  through  periodicals  and  prior  uses 
than  it  is  possible  for  the  Patent  Office  to  make,  will  frequently 
show,  either  that  the  patent  is  entirely  void,  or  that  it  must  be  so 
restricted  that  infringement  can  be  avoided. 

Who  May  Obtain  a  Patent.  It  is  essential  to  the  validity  of 
a  patent  that  it  be  granted  on  an  application  signed  and  sworn 
to  by  the  original  and  first  inventor  or  inventors,  or  by  his  or 
their  executors  or  administrators.  No  other  person,  even  with 
the  consent  of  the  inventor,  can  sign  or  swear  to  an  application 
that  will  support  a  valid  patent.  The  Patent  Office  has  no  means 
of  ascertaining  these  facts  and  will  necessarily  be  governed  by 
the  oath  of  the  application.  Should  it,  however,  afterwards  de¬ 
velop;  that  the  party  making  the  application  was  not  the  inventor, 
the  patent  will  be  invalid. 

The  fact  that  a  person  furnishes  capital,  machinery,  or 
material  for  developing  the  invention,  gives  him  no  right  to  make 
or  join  in  the  application  for  patent.  Such  person  may  ac¬ 
quire  an  interest  under  the  patent,  but  this  can  only  be  done  by 
an  assignment  executed  by  the  inventor  and  transferring  to  him 
the  whole,  or  any  fractional  portion,  of  the  entire  right  to  the 
invention  and  to  the  patent.  If  such  assignment  is  recorded  in 
time  the  patent  will  be  issued  to  the  assignee,  or  jointly  to  the 
assignee  and  the  inventor,  as  the  case  may  be. 

The  builder  of  a  new  machine  or  device  is  not  the  inventor  if 
he  did  not  himself  originate  the  ideas  or  principles  contained  in 
such  device.  In  other  words,  an  inventor  may  employ  others  to 
construct  and  mechanically  perfect  his  invention  without  losing 
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his  exclusive  right  thereto,  and  without  giving  the  mechanic  who 
constructs  it  any  right  to  the  patent,  unless  it  has  been  agreed 
upon  by  contract  between  the  parties.  Even  in  that  case  the  me¬ 
chanic  will  take  his  right  only  by  reason  of  the  contract  and  under 
a  properly  executed  assignment. 

If  a  person  conceives  the  general  plan  of  an  invention  and 
employs  another  to  construct  and  perfect  the  same,  and  the  latter 
under  such  employment  originates  improvements  which  are  in¬ 
cluded  in,  or,  as  the  court  said  in  one  case,  are  ancillary  to,  the 
general  plan,  such  improvements  nevertheless  belong  to  the  per¬ 
son  furnishing  the  general  plan  and  can  be  included  in  any  patent 
for  which  he  may  apply. 

All  patents  and  patent  rights  can  be  assigned  without  re¬ 
striction  by  the  owner  or  owners  thereof,  either  before  or  after 
the  patent  is  granted,  or  even  before  the  application  for  patent 
is  filed.  All  such  assignments  must  be  executed  by  the  party  or 
parties  who  have  the  legal  title  to  the  invention  at  the  time  the 
assignment  is  made.  An  assignment  may  cover  the  whole  right 
under  the  patent  or  any  fractional  portion  thereof. 

An  assignment  must  be  recorded  in  the  Patent  Office  with¬ 
in  three  months  after  the  execution  thereof.  Otherwise  it  will  be 
void  as  against  a  subsequent  purchaser  for  a  valuable  considera¬ 
tion  and  without  notice  of  such  assignment. 

Patent  Rights  Between  Employer  and  Employe.  Employes 
as  well  as  employers  are  entitled  to  their  own  inventions  and  to 
patents  granted  therefor.  This  right  can  be  modified  by  contract, 
but  in  the  absence  of  a  contract  to  the  contrary  an  employe  is 
entitled  to  a  patent  for  any  invention  which  he  makes,  even 
though  it  may  relate  to  the  business  of  his  employer.  If  he  de¬ 
velops  the  invention  in  the  time,  and  at  the  expense,  and  with  the 
tools  and  material  of  his  employer,  then  the  latter  will  have  an 
implied  license  or  shop-right  to  use  such  invention  in  his  business, 
but  he  cannot  demand  an  assignment  of  the  patent. 

Employers  who  wish  to  secure  inventions  relating  to  their 
own  business,  which  are  made  by  others  while  in  their  employ, 
should  have  a  contract  with  the  employe.  Even  with  such  a  con¬ 
tract  the  employer  cannot  apply  for  a  patent  in  his  own  name,  but 
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the  patent  must  be  applied  for  by  the  employe  and  assigned  to  the 
employer. 

Joint  Owners  of  Patents.  Patents  may  be  owned  jointly  by 
two  or  more  parties,  and  these  may  have  different  fractional  in¬ 
terests.  A  common  misapprehension  is  that  one  joint  owner  of  a 
patent  cannot  make,  use,  or  sell  the  patented  invention  without 
the  consent  of,  and  without  accounting  for  profits  to,  his  co¬ 
owners.  This  is  an  error.  In  the  absence  of  a  contract  to  the  con¬ 
trary,  any  co-owner  of  a  patent,  no  matter  what  fractional  in¬ 
terest  he  may  hold,  is  free  to  assign  his  interest  in  the  patent,  or 
to  manufacture,  use,  and  sell  the  patented  device,  or  license  others 
to  do  so,  without  the  consent  of  his  co-owners  and  without  ac¬ 
counting  for  any  part  of  the  profits. 

If,  therefore,  a  person  owns  merely  a  one-hundredth  share 
of  the  entire  patent  right,  he  may  manufacture,  sell  or  use  the 
patented  device  without  the  consent  of,  or  accounting  for  the 
profits  to,  the  owners  of  the  other  ninety-nine  one-hundredths. 
By  reason  of  superior  facilities  for  manufacture,  or  superior  busi¬ 
ness  ability,  he  may  even  entirely  monopolize  the  field  so  as  to 
practically  exclude  his  co-owners  from  deriving*  any  income  what¬ 
soever  from  their  share  of  the  patent.  He  is  nevertheless  entire¬ 
ly  within  his  right.  The  only  way  this  can  be  prevented  is  by  a 
properly  drawn  contract  between  the  co-owners. 

Applications  for  Patent.  Only  a  small  percentage  of  patent 
applications  are  allowed  as  first  filed.  Generally  the  officials  find 
some  objections  against  the  specification  or  claims,  generally  the 
latter.  It  frequently  happens  that  a  patent  is  not  secured  until 
after  repeated  considerations.  An  inventor  should  therefore  not 
be  discouraged  because  in  the  first  instance  his  application  is  re¬ 
jected.  The  rules  give  ample  opportunity  for  overcoming  rejec¬ 
tions  either  by  amendment  or  argument,  or  both,  or  even  appeal 
to  a  higher  tribunal. 

Amendments  may  be  made  to  applications  at  any  time  prior 
to  their  allowance,  so  as  to  more  clearly  or  definitely  claim  the  in¬ 
vention,  or  to  restrict  the  specification  and  claims  to  that  which 
is  found  after  examination  to  be  new.  But  no  new  or  additional 
matter  can  be  incorporated  in  an  application  after  it  is  filed.  Any¬ 
thing  which  is  found  either  in  the  specification;  claims,  drawing 
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or  model  as  originally  filed  in  the  Patent  Office,  is  not  new  mat¬ 
ter,  but  anything  outside  or  beyond  these  will  be  refused,  or  if 
added,  the  patent  will  be  invalidated  thereby.  This  rule  is  very 
strictly  followed. 

The  writer  desires  to  emphasize  this  point  as  his  experience 
is  that  many  inventors  think  that  references  which  the  Patent 
Office  cite  against  their  application  can  be  evaded  by  making 
changes  or  alterations  in,  or  additions  to,  the  application.  All 
efforts  in  this  direction  are  futile.  Modifications  and  alterations 
which  come  within  the  scope  of  the  claims  allowed  in  the  appli¬ 
cation  are  covered  and  protected  by  the  patent.  But  all  other 
alterations  or  modifications  are  not  protected  by  the  patent.  If 
they  are  of  sufficient  importance  to  constitute  an  independent  in¬ 
vention,  they  can  be  protected  by  making  a  separate  application 
therefor. 

Marking  Patented  Articles.  The  owner  of  a  patent  must 
mark  the  patented  articles  plainly  with  the  word  “patentecl«  or 
similar  word,  together  with  the  date  of  the  patent,  or  otherwise 
give  sufficient  notice  to  the  public  that  the  device  is  patented. 
The  failure  to  so  mark  will  prevent  the  recovery  of  damages  for 
infringement  occurring  prior  to  actual  notice  of  the  patent  to  the 
infringer. 

No  person  should  mark  an  unpatented  article  with  the  word 
"‘patent”  or  other  designation  which  would  lead  the  public  to  be¬ 
lieve  that  the  article  is  patented.  For  each  such  false  marking, 
with  intent  to  deceive  the  public,  the  marker  is  liable  to  a  penalty 
of  $100.  While  the  application  is  still  pending  the  manufactured 
articles  can  be  marked  “patent  pending”  or  “patent  applied  for.” 
This  will  warn  the  public,  and  in  most  cases  will  prevent  in¬ 
fringement. 

Caveat.  There  is  a  common  misapprehension  that  a  caveat 
is  a  short  term  patent.  On  the  contrary  it  is  -a  mere  notice  to  the 
Patent  Office  that  the  party  has  made  an  invention  and  wishes 
further  time  to  mature  the  same.  It  continues  in  force  for  one 
year,  and  it  may  be  renewed  from  year  to  year  bv  the  payment 
of  the  required  government  fee.  If  during  the  term  of  the 
caveat,  or  any  renewal  thereof,  another  person  files  an  application 
for  patent  for  the  invention  shown  in  the  caveat,  the  caveator  will 
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be  notified  thereof  and  will  be  required  to  file  his  application  with¬ 
in  three  months  from  the  time  of  receiving  the  notice.  The  two 
applications  will  then  be  put  in  interference  and  testimony  will 
be  taken  to  prove  who  was  the  first  inventor,  and  the  patent  will 
be  granted  to  such  party. 

A  caveat  is  not  a  patent  at  all,  nor  even  an  application  for 
patent,  nor  can  it  by  any  possibility  mature  into  an  application. 
No  one  can  be  sued  for  infringement  under  a  caveat.  It  is  a  mere 
notice  to  the  Patent  Office,  and  if  the  caveator  wishes  afterwards 
to  obtain  a  patent  he  must  file  a  regular  application  in  the  usual 
way. 

Foreign  Patenis.  The  patent  laws  of  no  two  countries  are 
the  same,  and  a  device  which  is  patentable  in  this  country  may 
not  be  patentable  in  foreign  countries,  and,  vice  versa,  devices 
which  are  not  patentable  here  may  be  patentable  in  some  foreign 
country.  In  Germany  it  is  difficult  to  obtain  patents,  the  laws 
and  their  interpretation  being  very  strict.  Many  of  the  small 
improvements  which  are  patentable  in  this  country  find  no  favor 
under  the  German  law.  In  other  foreign  countries,  notably  Bel¬ 
gium  and  France,  no  examination  into  the  novelty  or  patentability 
of  the  invention  is  made,  but  the  patent  is  granted  as  a  matter 
of  course.  But  this  does  not  mean  that  the  patent  will  be  held 
valid,  as  it  mav  be  overthrown  if  it  is  found  that  the  invention 
was  not  new  in  that  country  at  the  time  the  application  was 
made.  It  is  essential  therefore  in  these  countries  that  the  prior 
state  of  the  art  be  thoroughly  investigated  before  the  patent 
claims  are  drawn. 

The  cost  of  obtaining  a  patent  in  most  foreign  countries  is 
greater  than  in  the  United  States,  and  the  conditions  of  main¬ 
taining  the  patent  are  somewhat  burdensome.  In  this  country, 
no  taxes  or  renewal  fees  are  necessary,  nor  is  the  patentee  even 
compelled  to  manufacture  the  patented  device  or  put  it  into  use. 
In  most  foreign  countries  the  patents  are  subject  to  annual  taxes 
or  renewal  fees.  These  vary  in  the  different  countries,  being 
generally  quite  low  the  first  few  years  of  the  patent  term,  but 
gradually  increase.  Such  taxes  amount  to  a  considerable  sum  in 
the  aggregate,  and  if  the  patent  is  not  producing  a  revenue  they 
are  a  burden. 
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So,  too,  in  most  foreign  countries  the  inventor  must  put  the 
invention  into  actual  use  in  that  country,  or  at  least  make  such 
arrangements  for  manufacturing  and  so  advertise  the  fact,  that 
any  person  wishing  to  procure  the  patented  article  can  be  sup¬ 
plied.  The  manufacture  of  the  articles  in  this  country  and  im¬ 
portation  into  foreign  countries  does  not  comply  with  this  pro¬ 
vision  of  the  laws  of  those  countries. 

In  most  foreign  countries  patents  must  be  applied  for  be¬ 
fore  corresponding  patents  are  issued  in  this  or  any  other 
country.  Canada  is  an  exception,  as  patents  can  be  applied  for 
within  a  year  after  the  issue  of  a  patent  in  another  country. 

DISCUSSION. 

Mr.  F.  V.  McMullin,  M.  Eng.  So.  W.  Pa. — Mr.  Winter, 
you  say  “Employers  who  wish  to  secure  inventions  relating  to 
their  own  business,  which  are  made  by  others  while  in  their  em¬ 
ploy,  should  have  a  contract  with  the  employee.”  Is  that  con¬ 
tract  worth  the  drawing?  Do  not  the  courts  hold  that  a  man 
cannot  mortgage  the  product  of  his  brain  ? 

Mr.  F.  W.  Winter — It  depends  on  the  contract.  The  courts 
do  hold  that,  but  nevertheless  a  valid  contract  can  be  drawn. 
Any  contract  between  employer  and  employee  should  be  drawn 
very  carefully.  The  employer  should  be  very  careful  not  to  de¬ 
mand  all  inventions  of  the  employee,  past,  present,  and  future,  be¬ 
cause  if  he  does  the  court  is  liable  to  say  the  contract  is  a  mort¬ 
gage  on  the  employee’s  brain,  and  therefore  not  valid.  The  con¬ 
tract  should  specify  what  particular  inventions  are  to  go  to  the 
employer.  It  should  be  supported  bv  some  valuable  considera¬ 
tion,  more  than  the  mere  wages  of  the  employee.  It  should  also 
clearly  state  what  rights  the  employer  is  to  have  in  the  invention, 
and  if  he  is  to  own  the  patent  this  should  be  definitely  stated.  I 
have  a  case  now  that  arose  on  such  a  contract,  and  which  we  ex¬ 
pect  to  defeat,  first,  on  the  ground  that  the  contract  does  not 
specify  the  particular  invention  which  is  now  being  sought  to  be 
brought  under  it ;  second,  that  there  was  no  consideration  for  an 
invention  which  is  now  proven  to  be  very  valuable,  except  the 
mere  payment  of  the  prevailing  machinist  wages ;  and  third,  that 
the  contract  is  not  definite  as  to  the  rights  which  the  employer 
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was  to  take.  Our  view  of  that  contract  is  that  there  was  no  con¬ 
sideration  for  the  inventions  which  are  sought  to  be  conveyed, 
and  that  the  contract  is  indefinite  as  to  its  subject-matter.  Such 
contracts  should  be  definite  as  to  just  what  right  the  employer  is 
to  take  in  the  invention.  The  contract  I  speak  of  states  that  the 
employer  should  take  the  benefit  and  use  of  the  invention.  We 
hold  that  this  language  gives  no  right  to  an  assignment  of  the 
patent. 

These  contracts  can  be  made  worth  the  drawing  if  they  are 
properly  drawn,  but  you  are  entirely  right  in  assuming  that  they 
cannot  place  a  mortgage  on  a  man’s  brain.  You  can  make  a 
general  contract  with  an  employee  that  any  inventions  that  he 
makes,  with  reference  to,  say  alternating  motors,  while  in  your 
employ,  shall  be  your  property ;  that  would  be  sufficiently  specific 
as  to  the  subject-matter.  But  if  the  contract  says,  ‘‘all  inventions 
which  the  employee  may  make,”  then  it  is  not  sufficiently  specific. 

Mr.  H.  C.  Cronemeyer,  M.  Eng.  So.  W.  Pa. — If  an  em¬ 
ployee  makes  an  invention  to  which  his  employer  has  a  shop  right, 
does  that  shop  right  also  extend  to  other  works  owned  by  the 
same  employer?  For  example:  A  large  corporation  has  a  num¬ 
ber  of  works  and  an  employee  in  one  of  their  works  makes  a  valu¬ 
able  invention  which  is  used  at  that  particular  works,  without 
payment  to  the  employee.  Has  the  company  a  right  to  use  the 
same  invention  in  its  other  works  also  without  making  any  com¬ 
pensation  to  the  inventor  ? 

Mr.  F.  W.  Winter — Works  which  belong  to  the  employer 
can  make  use  of  those  inventions.  If  the  inventor  is  employed, 
for  instance  by  the  Carnegie  Steel  Company,  that  Company  would 
have  a  right  to  use  that  invention  in  any  other  works  which  it 
owns  and  controls ;  but  other  companies  who  are  merely  asso¬ 
ciated  in  a  business  arrangement  with  the  Carnegie  Steel  Com¬ 
pany.  such  as  the  other  constituent  companies  of  the  United 
States  Steel  Corporation,  would  not  be  entitled  to  use  it  in  their 
works,  because  the  inventor  is  not  the  employee  of  the  United 
States  Steel  Corporation.  Most  large  concerns  have  more  than  a 
single  works,  and  if  they  have  contracts  with  their  employees 
with  reference  to  inventions,  it  seems  only  reasonable  to  suppose 
they  would  want  to  use  them  in  any  other  of  their  works.  There 
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has  been  no  ruling  by  the  courts  in  recent  years  on  this  point  and 
it  is  possible  the  courts  may  take  a  different  view. 

Mr.  L.  C.  Moore,  M.  Eng.  So.  W.  Pa. — How  do  they  draw 
the  line  between  a  device  and  a  principle? 

Mr.  F.  W.  Winter — It  is  the  law  that  a  principle,  pure  and 
simple,  is  not  patentable ;  but  that  mechanical  embodiments  which 
employ  that  principle  are  patentable.  W  hether  a  patent  covers  a 
principle,  or  a  mechanical  embodiment  for  carrying  into  effect  a 
principle,  is  something  I  can  not  determine  without  examining 
the  patent.  If  it  were  a  patent  for  a  principle,  it  probably  would 
not  be  valid.  I  would  be  surprised  to  learn  that  there  is  an  exist¬ 
ing  patent  for  simply  a  principle,  because  I  believe  the  officials 
of  the  Patent  Office  were  educated  on  this  question  many  years 
ago  when  Professor  Morse's  patent  on  the  electric  telegraph 
was  declared  by  the  courts  to  be  void  on  the  ground  that  it  was  a 
patent  for  a  principle.  There  was  nothing  wrong  with  Morse’s 
invention,  but  the  fault  lav  in  the  manner  in  which  his  claim  was 
worded. 

Mr.  L.  C.  Moore — In  testing  wire  for  wire  rope  I 
found  that  in  applying  the  tests  as  we  usually  applied  them,  by 
bending  back  and  forth  over  a  right  angle,  that  the  wire  broke 
under  certain  conditions.  It  occurred  to  me  to  apply  what  we 
would  call  the  working  load  to  the  wire  before  we  bent  it  back 
and  forth.  I  did  that  and  I  found  cheap,  or  poor  wire,  stood  a 
better  test  than  high-class  wire.  That  I  patented.  Did  I  patent 
a  device  or  a  principle? 

Mr.  F.  W.  Winter — I  am  unable  to  answer  the  question; 
it  depends  altogether  on  the  phraseology  of  the  claim.  What 
you  describe  might  be  the  basis  of  a  valid  patent  claim.  It  should 
be  a  claim  for  a  method  of  testing  wire.  A  claim  of  that  char¬ 
acter,  if  vour  invention  was  new  at  the  time  it  was  applied  for, 
would  support  a  valid  patent.  So  whether  your  patent  covers  a 
principle  depends  upon  the  manner  of  claiming  it. 

Mr.  A.  Stucki,  M.  Eng.  So.  W.  Pa. — In  regard  to  a  joint 
invention :  I  heard  several  parties  express  their  opinion  that  there 
is  no  such  thing,  and  I  suppose  if  you  analyze  it  fine  enough,  there 
is  not.  Just  where  do  they  draw  the  line? 


568  ENGINEERS  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


A  question  very  closely  allied  is  that  of  co-ownership.  It 
looks  rather  unfair,  that  the  holder  of  say  1  per  cent,  interest 
can  make,  use,  and  sell  an  article  in  an  unlimited  way,  just  as  if 
he  were  the  holder  of  the  remaining  99  per  cent,  as  well,  at  least 
judging  from  an  ordinary  business  standpoint. 

Mr.  F.  W.  Winter — Answering  Air.  Stucki's  last  question 
first :  The  party  owning  only  1  per  cent,  of  the  patent  right  can 
manufacture,  use,  and  sell,  the  invention  entirely  independent  of 
the  other  co-owners.  It  may  seem  unjust,  and  in  some  instances 
it  undoubtedly  is ;  hut  there  is  another  side  of  the  question — if  the 
courts  had  made  the  rule  that  it  requires  the  consent  of  all  co- 
owners  of  a  patent  to  manufacture  and  sell,  you  can  readily  see 
that  in  many  cases  the  co-owners  would  be  at  logger-heads,  and  a 
valuable  patent  might  be  tied  up  and  nothing  ever  come  of  it. 

Air.  Stucki's  first  question  was  whether  there  is  ever  a  joint 
invention.  I  presume  that  if  the  matter  were  analyzed  to  finality 
we  would  probably  find  few  joint  inventions.  In  most  cases  you 
would  find  that  there  was  just  one  point  of  novelty  which  carries 
the  whole  combination,  and  that  was  suggested  by  one  of  the  in¬ 
ventors,  so  that  there  would  not  be  a  joint  invention.  Our  courts, 
however,  have  been  very  liberal  in  this  matter;  They  hold  that 
where  two  parties  vrork  together  in  devising  a  new  device,  and 
which  includes  a  number  of  elements,  and  one  made  this  sugges¬ 
tion,  and  another  that,  so  that  it  would  be  difficult  to  determine 
how  much  was  suggested  by  each  party — that  is  a  case  where 
both  should  have  the  benefit  and  is  a  joint  invention.  In  reality  it 
is  not  so  very  material  wdiether  the  essential  point  of  an  invention 
w^as  suggested  by  one  or  by  more.  We  must  assume  that  because 
the  patent  was  granted  there  w^as  something  newr  devised.  Some¬ 
body  had  done  something  which  v*as  an  improvement  over  prior 
devices,  and  which  should  be  protected  by  patent.  If  persons 
are  willing  to  say  “We  both  made  suggestions  and  we  will  share 
the  benefits,"  it  would  be  very  harsh,  I  think,  for  the  court  to  say, 
“It  is  not  a  join  invention  and  neither  of  you  shall  have  any  bene¬ 
fit  from  it.” 

Mr.  F.  V.  McMullin — In  regard  to  the  statement  that  “no 
person  should  mark  an  unpatented  article  with  the  word  ‘patent,’ 
or  other  designation  which  would  lead  the  public  to  believe  that 
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the  article  is  patented,”  does  that  apply  equally  to  the  words  “pat¬ 
ented”  and  “patent”? 

Mr.  F.  W.  Winter — It  depends  on  the  manner  in  which  the 
marking  is  done  and  whether  it  is  done  to  deceive  the  public.  1  he 
form  of  the  words  is  immaterial.  Either  the  word  “patent  or 
“patented,”  or  any  other  word  that  will  convey  to  the  public  the 
idea  that  the  device  is  covered  by  a  patent,  comes  under 
the  ban  of  the  statute;  but  you  can  use  the  word  “patent  in  such 
a  way  that  it  will  not  convey  the  idea  that  there  is  an  existing 
patent ;  for  instance,  you  may  speak  of  a  “patent  corn-sheller. 

Mr.  H.  C.  Cronemeyer — Mr.  Winter  states  that  “most  pat¬ 
ents  cover  mere  improvements  upon  prior  devices  and  it  fre¬ 
quently  happens  that  there  are  still  in  force  prior  patents  which 
co\er  fundamental  principles  of  the  device  and  which  will  be  in¬ 
fringed  by  the  improved  device  if  the  latter  performs  the  same 
function  by  the  same 'or  equivalent  means.”  A  device  having 
been  patented,  and  the  same  inventor,  after  having  disposed  of  his 
first  patent,  makes  improvements,  which  make  the  device  more 
valuable,  can  he  obtain  a  second  patent  on  the  improvements  alone, 
without  the  consent  of  the  owner  of  the  first  patent  ? 

Mr.  F.  W.  Winter — He  can.  If  the  improvements  are 
an  advancement  upon  the  original  device  they  are  just  as  patent- 
able  to  him  as  they  would  be  to  any  other  individual,  and  it  does 
not  require  the  consent  of  the  owner  of  the  earlier  patent.  But  he 
may  infringe  the  first  patent.  This  depends  upon  the  claim  of  the 
first  patent.  If  you  are  assuming  that  the  improvement  employs 
the  principle  covered  by  the  first  patent,  then  he  would  infringe 
the  first  patent  by  manufacturing  the  improvement.  He  could  get 
the  patent,  but  could  not  use  it  during  the  life  of  the  first  patent. 

Mr.  F.  C.  Emery,  M.  Eng.  So.  W.  Pa. — If  a  man  originates 
an  idea  that  is  of  no  particular  value  to  himself,  and  seeing  this 
throws  it  aside,  and  another  party  gets  hold  of  the  article  and 
pushes  it  to  a  successful  conclusion,  this  second  party,  according 
to  Air.  Winter’s  statement,  is  barred  from  patenting  the  article, 
not  being  the  original  inventor,  and  will  not  attempt  to  put  it 
on  tlie  market  without  holding  a  monopolv  on  it. 
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'SIR.  F.  W.  Winter — Applications  must  be  signed  and  sworn 
to  by  the  original  inventor.  I  mean  by  that  that  the  applicant 
must  be  the  one  who  originated  the  invention.  I  understand  the 
question  to  be — One  man  conceived  of  the  invention  and  went  so 
far  as  to  make  a  model,  and  then  dropped  it.  Afterwards  another 
man  originated  the  same  idea  but  would  not  patent  it  because  he 
heard  that  the  other  party  had  a  model  of  it  several  years  before. 
In  a  case  of  that  kind,  if  the  second  party  originated  the  idea  him¬ 
self,  independent  of  the  first  party’s  model,  so  that  he  could  say  he 
was  an  original  inventor,  then  under  the  law  he  would  be  the  first 
inventor,  because  what  the  first  party  did  was  nothing  more  than 
an  abandoned  experiment  and  cannot  bar  the  claim  of  a  subse¬ 
quent  conceiver  who  perfected  the  invention. 

The  theory  is  that  the  one  to  be  rewarded  is  the  man  who  has 
given  the  public  some  benefit,  and  a  man  who  merely  conceives  of 
an  invention,  builds  a  model,  but  keeps  it  in  his  own  closet,  has 
not  benefited  the  public,  so  if  someone  else  afterwards  follows  up 
that  invention  and  puts  it  into  actual  use  and  gives  the  public  the 
benefit,  the  court  will  sustain  his  patent. 

Mr.  F.  C.  Emery — Suppose  two  men  working  side  by  side 
and  one  of  them  originates  an  idea,  puts  it  into  mechanical  form 
and  perhaps  makes  a  model.  The  other  man  sees  it  and  recog¬ 
nizes  it  as  a  good  idea.  The  original  inventor  throws  the  model 
under  the  bench  and  abandons  it.  In  the  course  of  time  this  sec¬ 
ond  man  proceeds  to  inculcate  that  idea  in  some  machine.  Has 
he  a  right  to  a  patent  ? 

Mr.  F.  W.  Winter — No,  he  would  not  be  the  inventor.  He 
is  merely  a  borrower.  He  did  not  conceive  it,  and  if  he  did  take 
out  a  patent  it  would  be  invalid.  It  may  be  a  hardship  because 
the  public  may  not  get  the  benefit  of  it,  but  I  don't  see  how  you 
are  going  to  remedy  that  by  law. 

Mr.  F.  V.  McMullin — Is  it  true  that  the  law  holds  that  the 
product  of  a  machine  cannot  be  a  part  of  the  machine?  For  in¬ 
stance  :  A  device  for  sugar-coating  pills  in  a  medicine  factory 
consisted  of  a  box  connected  with  an  air  pump,  the  top  of  the 
box  being  covered  with  perforations  somewhat  smaller  than  the 
pills.  They  would  run  the  pills  on  the  top  of  the  box,  exhaust  the 
chamber  and  hold  the  pills  by  the  air  pressure  while  giving  them 


DISCUSSION. 


571 


a  sugar  coating,  yet  the  device  was  not  patentable  because  it  could 
not  be  worked  without  the  pills. 

Mr.  F.  W.  Winter— The  rule  is  that  a  product  of  a  machine 
cannot  be  made  an  element  of  the  claim  of  a  patent.  1  he  1  ’atent 
Office  has  never  recognized  any  exceptions.  However,  even  with 
the  rule  as  it  is  now,  I  believe  it  should  be  possible  to  work  out  a 
phraseology  of  claim  which  would  cover  that  machine  and  not 
make  it  necessary  to  include  the  pill  as  an  element  in  the  claim. 

Mr.  A.  Stucki — The  claims,  Mr.  Winter  states,  should  be 
drawn  as  broad  as  possible.  But  by  combining  different  elements, 
we  will  narrow  the  claims.  Therefore  to  cover  one  element  in 
one  claim  would  insure  the  greatest  scope  possible.  Can  we  do 
that  ? 

Mr.  F.  W.  Winter — One  of  the  troubles  with  our  patent  sys¬ 
tem  is  the  exceedingly  stilted  form  of  the  claims.  If  the  claims 
were  brief  and  drove  right  at  the  invention  or  the  result  that  is 
to  be  obtained,  our  courts  would  turn  them  down  on  the  ground 
that  they  covered  the  function,  and  not  the  means  for  producing 
the  function.  Consequently  we  have  a  complicated  form  of  claim. 

There  is  another  point  to  Mr.  Stucki's  question :  Whether  a 
claim  can  include  a  single  element,  or  whether  it  must  include  a 
combination  of  elements,  and  if  the  latter,  how  many  elements 
must  be  included?  That  depends  upon  the  circumstances  of  each 
case.  If  a  single  element  is  new  and  capable  of  general  use  it 
can  be  claimed  singly.  If,  however,  you  have  merely,  as  in  most 
machines,  brought  together  old  mechanical  devices,  you  must 
claim  a  combination  of  those  devices,  and  the  number  depends  up¬ 
on  the  result  or  function  secured. 

The  claim  should  be  for  a  combination  of  those  elements,  and 
those  only,  which  co-operate  to  produce  the  particular  result 
which  is  new.  If  your  patent  solicitor  submits  to  you  a  draft  of 
claims,  you  should  consider  what  is  the  new  result  or  function 
which  is  obtained  by  your  machine.  Having  determined  that, 
next  consider  how  many  elements  of  that  machine  are  necessary  to 
produce  that  result.  If  the  claims  include  any  element  or  ele¬ 
ments  which  are  not  necessary  to  produce  that  result,  draw  your 
blue  pencil  through  them. 
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Mr.  E.  F.  Gwynn,  M.  Eng.  So.  W.  Pa. — Most  patent  speci¬ 
fications  contain  more  than  one  claim.  If  all  those  claims  are 
original,  will  a  person  infringing  one  claim  infringe  the  patent, 
or  will  he  have  to  infringe  the  combined  claims? 

Mr.  F.  W.  Winter — If  a  party  infringes  any  one  of  the 
claims,  he  infringes  the  patent,  and  is  liable  for  infringement. 
Many  patents  have  a  multitude  of  claims.  A  patent  for  a  car 
truck  came  to  my  notice  the  other  day  which  had  156  claims. 
There  is  really  no  difference  between  the  claims,  but  granting  that 
those  156  claims  were  each  valid  and  independent  claims,  a  party 
who  infringed  any  one,  although  he  did  not  infringe  the  other 
155,  would  still  be  liable  for  infringement  of  the  patent.  One  of 
the  reasons  why  patent  solicitors  draw  so  many  claims  is  to  give 
the  claims  slightly  different  aspects.  The  courts  do  not  permit 
the  use  of  alternative  language,  but  require  a  claim  to  be  definite 
and  distinct.  It  cannot  be  a  collection  of  words  which  can  be 
twisted  this  way  or  that.  We  are  compelled  to  make  various 
claims  so  that  if  the  infringers  cannot  be  caught  by  one  claim  they 
will  be  caught  by  another. 

Mr.  E.  F.  Gwynn — Is  it  lawful  to  put  two  distinctive  claims 
in  one? 

Mr.  F.  W.  Winter — -It  is  possible  that  if  the  subject-matter 
of  two  separate  claims  were  combined  in  one,  it  would  not  be 
valid.  But  much  depends  upon  the  particular  circumstances  of 
each  case,  and  it  might  be  possible  to  combine  in  one  valid  claim 
elements  of  what  might  be  two  separate  claims.  I  can  imagine 
an  invention  wherein  two  parts  of  a  machine  were  entirely  new  as 
mechanical  movements.  Each  of  those  parts  would  sustain  a  sep¬ 
arate  claim.  At  the  same  time  those  groups  of  elements  might 
co-operate  to  get  a  new  result  in  the  machine  as  a  whole,  and  in 
that  case  they  could  be  combined  in  a  single  claim.  All  three 
claims  would  be  valid. 

Mr.  E.  F.  Gwynn — When  the  claims  of  a  patent  were  pre¬ 
sented  to  me  for  approval  I  was  inclined  to  draw  the  blue  pencil 
through  them.  The  patent  attorney  said,  “No,  you  can’t  do  that ; 
it  is  doubtful  if  you  can  get  two  of  them  in  one,  and  if  you  did, 
anybody  can  use  any  one  of  the  parts  because  he  does  not  infringe 
the  claim,  but  only  part  of  it.” 
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Mr.  F.  W.  Winter — That  is  true.  Go  back  to  the  example 
I  gave  a  moment  ago  of  two  groups  of  mechanical  elements  each 
sufficient  to  sustain  an  independent  claim ;  suppose  the  only  claim 
of  the  patent  to  be  a  combination  of  the  two.  Anybody  could 
then  make  group  number  one  without  infringing  the  combination 
claim.  But  if  the  patent  contains  a  claim  for  that  group  by  itself, 
he  would  infringe.  It  is  always  unwise  to  group  in  a  claim  more 
elements  than  ape  necessary,  unless  you  have  another  claim  in 
the  patent  which  is  for  the  elements  by  themselves.  You  do  not 
infringe  a  claim  for  a  combination  unless  you  use  all  elements  in 
that  combination.  A  person  may  manufacture  a  device  covered 
by  a  combination  claim  and  if  he  leaves  out  a  single  element  of 
that  combination,  he  will  avoid  infringement. 

M R.  A.  Stucki — Can  the  patentee  sue  more  than  one  party 
for  infringement  where  the  manufacturer,  seller  and  user  are  all 
liable? 

Mr.  F.  W.  Winter — Fie  could  maintain  suit  against  all  three 
at  the  same  time,  and  there  would  be  no  \\*  y  of  stopping  him  until 
he  got  a  recovery  against  one  party ;  then  the  other  parties  might 
plead  that  damages  had  been  recovered.  Until  that  time  he  could 
carry  on  all  three  suits. 

Mr.  L.  C.  Moore — If  there  are  eight  manufacturers  engaged 
in  the  same  business  and  they  all  infringe  a  patent — if  the  pat¬ 
entee  sues  one,  does  not  that  answer  for  suing  alt? 

Mr.  F.  W.  Winter — Xo,  it  does  not.  If  he  sues  one  and  is 
successful,  the  injunction  will  be  granted  only  against  that  one 
and  will  not  extend  to  any  one  who  was  not  a  party  to  that  suit. 
Fie  will  have  to  sue  each  of  the  other  seven  if  he  wants  to 
stop  all  of  them. 

Col.  R.  Munroe,  M.  Eng.  So.  W.  Pa. — In  case  a  person 
gives  a  shop  right  with  the  privilege  of  putting  a  certain  product 
in  the  articles  which  they  are  engaged  in  manufacturing  and  sell¬ 
ing,  would  that  carry  with  it  the  right  to  sell  the  product  un¬ 
finished  and  not  put  into  their  manufactured  articles? 

Mr.  F.  W.  Winter — As  you  state  the  question  I  should  sav 
no.  It  depends  on  the  contract  under  which  you  give  him  the 
shop  right.  A  shop  right  is  nothing  but  a  contract.  The  inventor 
or  the  owner  of  the  patent  agrees  to  let  another  person  use  the  in- 
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vention  for  certain  purposes.  He  can  stipulate  in  the  contract 
that  the  manufacturer  can  use  it  only  in  a  certain  way  and  under 
certain  conditions.  I  take  your  question  to  mean  this :  a  patent 
covers  a  certain  material  or  substance,  and  a  manufacturer  wishes 
to  use  that  material  in  making  certain  articles  which  he  manufac¬ 
tures  ;  the  shop  right  gives  him  the  right  to  use  the  patented 
material  in  manufacturing  his  articles.  Under  those  circum- 
stances  he  has  no  right  to  sell  that  material  without  first  turning 
it  into  his  own  articles. 

Mr.  E.  F.  Gwynn — Can  you  embody  in  the  specifications  and 
claims  more  than  the  drawing  shows  ? 

Mr.  F.  W.  Winter — No,  you  cannot.  That  is  covered  by  a 
rule  of  the  patent  office.  Every  element  and  feature  that  you  are 
claiming  must  be  shown  in  the  drawing. 

Mr.  E.  F.  Gwynn — For  instance:  if  the  specifications  and 
claims  covered  a  plurality  of  certain  things,  the  drawing  has  got 
to  show  a  certain  number ;  at  least  two.  A  plurality,  of  course, 
will  mean  any  number  above  one.  Could  you  change  that  number 
from  what  is  shown  offi the  drawing  and  still  have  a  valid  patent? 

Mr.  F.  W.  Winter — I  am  afraid  that  would  depend  upon 
the  particular  circumstances  of  the  case.  There  might  be  some 
cases  where  a  change  in  the  number  of  features  shown  would  be 
a  departure  from  the  invention  originally  described ;  if  so  it  would 
not  be  permissible,  and  would  render  the  patent  invalid.  On  the 
contrary,  there  might  be  cases  where  it  would  not  be  material 
whether  you  change  the  number  of  a  certain  mechanical  element. 
As  a  rule,  it  is  dangerous  to  modify  your  patent  drawings  after 
they  are  once  filed,  unless  it  is  to  make  them  conform  to  your 
specification.  The  courts  many  years  ago  laid  down  a  rule  that 
the  invention  must  not  be  departed  from  by  any  amendments  to 
the  application  while  it  is  pending  in  the  Patent  Office.  They  con¬ 
strue  that  very  strictly,  so  that  it  is  always  advisable,  before  your 
application  is  filed  to  see  that  the  drawings,  at  least,  are  correct. 
The  verbal  description  may  contain  many  errors ;  that  need  not 
concern  you  so  much  if  your  drawings  are  absolutely  right ;  but 
if  both  your  drawings  and  your  written  description  are  faulty, 
then  it  is  dangerous  Even  if  the  Patent  Office  officials  allow  you 
to  make  changes,  it  might  result  in  your  getting  an  invalid  patent. 
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Mr.  C.  B.  Albree,  M.  Eng.  So.  W.  Pa. — Mr.  Winter,  is  it 
in  your  opinion  desirable  to  have  the  scheme  they  have  in  force 
in  some  of  the  foreign  countries,  that  the  patent  shall  be  worked 
to  be  valid  ? 

Mr.  F.  W.  Winter — In  one  way,  it  is  bad  to  have  the  laws 
such  that  parties  can  monopolize  a  certain  field  by  buying  up  pat¬ 
ents  which  they  do  not  use.  But  there  is  another  side;  many 
inventors  would  not  apply  for  patents  at  all  if  they  knew  that 
within  two  years  after  the  granting  of  their  patent  they  would 
have  to  manufacture  or  forfeit  their  patent.  It  is  in  the  later 
years  of  the  patent  that  the  returns  come,  and  if  you  make  the  con¬ 
ditions  hard  so  that  the  inventor  sees  that  he  may  forfeit  his  pat¬ 
ent  rights  before  getting  any  returns,  he  will  hesitate  before  ap¬ 
plying  for  the  patent,  and  the  invention  may  never  see  the  light  of 
day.  I  think  that  the  progress  of  science  and  the  arts  is  best  sub¬ 
served  by  making  the  conditions  for  taking  out  and  maintain¬ 
ing  patents  as  easy  as  possible,  so  as  to  encourage  mechanics  and 
others  who  have  little  means  to  take  out  the  patents  and  bring 
their  inventions  to  the  light  of  day.  In  the  end  the  public  is  ben¬ 
efited  by  it. 

Mr.  PI.  C.  Cronemeyer — It  has  come  to  my  personal  notice 
that  a  college  professor,  who  for  a  number  of  years  was  connected 
with  a  manufacturing  concern  in  Europe,  held  up  to  his  stu¬ 
dents  in  engineering  that  the  American  patent  laws  were  far  su¬ 
perior  to  the  German  patent  laws. 

Mr.  A.  Stucki — I  do  not  think  that  a  tax  or  any  other  levy 
against  the  patentee  would  benefit  the  industrial  development  in 
this  country,  but  I  do  think,  that  patents  are  granted  rather  freely 
and  that  lots  of  them  are  taken  out  not  because  tliev  are  reallv  for 
inventions,  but  simply  to  stop  any  possibility  of  trouble  by  being 
granted  to  anyone  else.  This  naturally  results  in  a  great  number 
of  patents  and  claims,  and  it  will  be  harder  and  harder  to  keep 
track  of  all  of  them. 

Mr.  F.  W.  Winter — The  United  States  patent  system  is 
very  liberal  in  granting  patents  for  slight  improvements  in  me¬ 
chanical  details,  but  patents  which  the  courts  nevertheless  sustain. 
An  eminent  foreign  authority  has  stated  that  this  accounts  for  the 
superiority  of  American  machinery  in  mechanical  details.  Now 
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by  encouraging  patents  for  such  things,  we  are  encouraging  the 
people  who  work  with  these  machines  to  make  improvements. 
They  are  constantly  looking  for  new  devices.  The  German  me- 
chanic  does  not  see  a  reward  for  him,  as  his  patent  laws  would  not 
allow  him  a  patent  if  he  did  make  the  improvements. 
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RE-ENFORCED  CONCRETE.* 

BY  ROBERT  A.  CUMMINGS. 

Member  Engineers’  Society  of  Western  Penn'a. 

Owing  to  lack  of  time  to  prepare  a  formal  paper,  the  speaker 
will  confine  himself  to  some  remarks  on  the  practical  phases  of 
this  subject,  hoping  that  the  discussion  may  bring  out  new  and 
useful  points. 

This  material  has  been  called  by  various  name,  c.  g.,  ar¬ 
mored  concrete,  concrete  steel,  ferro-concrete,  and  steel  concrete, 
but  recent  authors  generally  prefer  the  term,  re-enforced  con¬ 
crete,  which  is  doubtless  the  most  appropriate  of  any. 

Re-enforced  concrete  is  generally  made  from  a  combination 
of  Portland  cement,  water,  sand  and  gravel  or  broken  stone  in 
which  are  embedded  iron  or  steel  bars  in  such  a  manner  as  to  re¬ 
enforce  the  concrete,  especially  where  the  structure  is  subjected 
to  tensile  stresses.  Portland  cement  mixed  with  sand  and  water 
makes  an  excellent  paint  for  preserving  iron  or  steel,  adhering  to 
the  metal  very  firmly  and  protecting  it  thoroughly  against  cor¬ 
rosion.  It  can  easily  be  made  water  tight,  and  its  durability  is  be¬ 
yond  question.  These  properties  of  cement  mortar  can  be  utilized 
in  re-enforced  concrete.  This  material  is  well  adapted  for  mould¬ 
ing  into  a  monolithic  structure,  which  does  not  disintegrate  when 
subjected  to  shocks  such  as  are  produced  by  railroad  trains  and 
vibrates  much  less  for  a  given  load  than  structural  steel.  Cor¬ 
rectly  designed  re-enforced  concrete  structures  are  not  liable  to 
sudden  failures,  as  is  the  case  with  ordinary  concrete,  but  gives 
warning  bv  the  falling  off  of  the  surface  concrete  long  before  the 
point  of  failure  is  reached.  ' 

The  writers  on  the  theory  of  re-enforced  concrete  differ  quite 
widely  in  their  views,  but  it  is  hoped  that  many  of  the  points  of 
difference  may  be  settled  by  a  committee  which  has  been  appointed 
by  the  American  Societv  of  Civil  Engineers  to  investigate  the  sub- 
ject  in  connection  with  the  Engineering  Congress. 
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In  Europe  various  public  authorities  have  investigated  re¬ 
enforced  concrete  and  laid  down  rules  governing  the  design  and 
materials  for  structures  of  re-enforced  concrete.  The  regulations 
of  the  Prussian  Government  are  very  conservative.  The  Swiss 
Government  rules  for  design  are  based  on  the  method  of  Ritter,  a 
well  known  authority  on  the  subject.  There  are  no  uniform  rules 
for  design  in  F ranee ;  each  constructor  uses  his  own  methods. 
New  York  and  Philadelphia  are  about  the  only  cities  in  the  United 
States  that  have  formulated  any  reasonably  definite  rules  on  the 
subject.  These  rules  are  incorporated  in  the  building  laws  and, 
in  the  light  of  well  known  facts,  appear  unnecessarily  severe. 

The  speaker  feels  that  the  materials  and  workmanship  are 
the  most  important  considerations  in  re-enforced  concrete  con¬ 
struction,  and  it  is  essential  that  they  be  as  nearly  perfect  as  it  is 
at  all  practicable  to  make  them. 

For  Portland  cement  the  standard  specifications  of  the  Am. 
Soc.  C.  E.  or  those  of  the  U.  S.  army  engineers  are  good  and  in¬ 
sure  good  cement.  This  is  the  most  important  material,  as  it  is 
that  which  binds  the  other  materials  together,  and  upon  the  firm¬ 
ness  with  which  they  are  bound  together  depends  the  strength 
and  durability  of  the  structure.  The  speaker  would  call  your  at¬ 
tention  to  the  boiling  test,  which  is  found  in  some  specifications 
and  is  sometimes  abused.  This  should  be  carefully  done  with 
clean  water  free  from  mud,  acid  or  alkali.  If  it  boils  too  violently 
it  is  liable  to  break  the  pat  of  cement.  For  that  reason  the 
speaker  prefers  the  steam  test,  which  is  believed  to  be  fully  as  effi¬ 
cient  a  test  to  determine  constancy  of  volume. 

The  purity  and  cleanliness  of  the  aggregate  are  very  import¬ 
ant  points.  Good  clean  gravel  is  good,  but  it  is  impossible  to 
make  good  concrete  from  the  gravel  that  is  commonly  used  in  this 
city  dredged  from  the  Pittsburgh  harbor  and  containing  large 
quantities  of  oil,  mud,  coal,  sewage,  etc.  Gravel  must  be  thor¬ 
oughly  washed  and  promptly  rejected  if  it  contains  oil.  Cement 
will  not  adhere  to  anything  that  is  oily.  Crushed  limestone  is 
good,  if  it  is  strong,  but  it  must  be  always  borne  in  mind  that  no 
concrete  is  stronger  than  the  aggregate  of  which  it  is  composed. 
Crushed  Beaver  valley  sandstone  is  good,  but  is  not  very  strong 
in  tension.  Broken  stone  makes  a  stronger  concrete  than  gravel 
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and  for  re-enforced  concrete  the  speaker  prefers  an  aggregate  that 
will  pass  a  three-quarter  inch  sieve.  Small  aggregates  tamp  bet¬ 
ter  around  the  steel  re-enforcement.  Cleanliness  and  purity  in  the 
sand  is  at  least  as  important  as  in  the  aggregate.  The  speaker  is 
strongly  of  the  opinion  that  sand  for  re-enforced  concrete  should 
be  graded  and  regulated  much  as  is  done  abroad.  Concrete  is 
like  any  other  manufactured  article,  it  is  impossible  to  obtain  sat¬ 
isfactory  results  without  first-class  materials  properly  put  to¬ 
gether.  The  French  seem  to  have  taken  the  lead  in  grading  sand 
for  mortars.  M.  Feret,  chief  of  the  laboratory  Pouts  et  Chaussees 
at  Boulogne,  has  recently  published  the  results  of  some  tests  in 
which  the  sand  and  aggregate  were  carefully  graded.  In  these 
tests  everything  that  is  retained  on  a  5  millimeter  (2  inch)  sieve  is 
graded  as  aggregate.  Everything  that  passes  a  5  millimeter  mesh 
sieve  and  is  retained  on  a  2  millimeter  mesh  sieve  is  graded  as 
coarse  sand ;  all  between  two  millimeters  and  one-half  millimeter 
(.02  inch)  in  size  is  graded  as  medium  sand  and  everything  finer 
than  that  as  fine  sand.  His  tests  indicate  that  coarse  sand  makes 
a  considerably  stronger  mortar  than  medium  sand,  and  still 
stronger  than  fine  sand,  that  a  mixed  grade  of  sand  makes 
the  mortar  stronger  yet,  and  that  the  maximum  of  strength  is  ob¬ 
tained  when  the  sand  is  of  the  coarse  and  line  grades  exclusively, 
the  quantity  of  the  former  being  double  that  of  the  latter. 

The  proper  proportion  of  the  ingredients  will  depend  upon 
the  nature  of  the  work.  Water  tight  work  requires  a  large  pro¬ 
portion  of  cement,  and  the  greater  proportion  of  cement  the 
greater  the  compressive  strength. 

The  speaker  is  of  the  opinion  that  the  usual  method  of  speci¬ 
fying  the  proportions  of  the  ingredients  of  concrete — entirely  by 
volume — is  erroneous.  He  thinks  the  cement  should  be  specified 
by  weight  and  the  other  ingredients  bv  volume.  He  knows  of  a 
contract  in  which  the  engineer  specified  a  certain  number  of  bar¬ 
rels  of  cement  to  the  cubic  yard  of  sand,  etc.  The  question  as  to 
whether  packed  barrels  or  loose  barrels  were  meant  was  decided 
in  favor  of  the  contractor,  who  thus  saved  800  barrels  of  cement 
in  a  very  small  contract. 

The  strength  of  concrete  depends  largely  on  the  strength  of 
the  mortar  which  it  contains,  therefore  the  proportions  of  sand. 
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cement  and  water  should  be  determined  first.  The  maximum 
strength  of  the  concrete  will  be  obtained  when  the  mortar  just 
fills  the  voids  in  the  aggregate,  but  on  account  of  the  impossibility 
of  obtaining  absolutely  perfect  mixing,  the  mortar  must  be  in  ex¬ 
cess  ;  in  fact,  to  make  a  concrete  absolutely  free  from  voids,  about 
40  per  cent,  excess  mortar  is  needed. 

Concrete  is  usually  made  so  wet  as  to  be  sloppy.  This  is 
done  to  reduce  the  amount  of  ramming  necessary,  but  it  is  not  the 
best  practice.  It  gives  the  cement  a  tendency  to  work  to  the  top, 
and  the  aggregate  to  settle.  This  is  peculiarly  objectionable  in 
columns.  Wet  concrete,  however,  is  almost  a  necessity  in  re¬ 
enforced  concrete  on  account  of  the  practical  impossibility  of  prop¬ 
erly  ramming  dry  concrete  around  the  re-enforcements.  It  is, 
therefore,  usual  to  use  a  plastic  concrete  and  a  large  margin  of 
safety  in  the  design.  The  French  determine  the  proper  consist¬ 
ency  of  mortar  for  concrete  work  by  specifying  that  if  a  sample  of 
mortar  be  taken  out  five  minutes  after  mixing,  its  appearance  must 
not  change  on  standing  three  minutes  longer.  Another  method  is 
to  place  some  mortar  on  a  trowel  and  drop  it  of! ;  if  it  falls  off 
clean  it  is  wetgnough.  Another  method  is  to  mould  a  ball  of  mar- 
tar  gently  in  the  hand ;  water  should  just  appear  on  the  surface  of 
the  ball.  Still  another  method  is  to  drop  the  ball  twenty  inches 
onto  a  hard  surface ;  the  ball  should  retain  its  shape. 

For  re-enforcement  the  speaker  is  in  favor  of  using  a  medium 
open-hearth  or  Bessemer  steel  such  as  is  used  for  ordinary  struc¬ 
tural  steel  work.  Some  use  a  very  high  carbon  steel,  but  he  is  not 
in  a  position  to  indorse  it. 
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A  COMPARISON  OF  REINFORCED  CONCRETE 

FORMULAS* 


BY  L.  D.  CORNISH. 

(Non-Member. ) 

1  have,  during  the  past  year,  been  making  some  investiga¬ 
tions  as  to  the  derivation  of  the  numerous  formulas  used  in  de¬ 
singing  or  reviewing  a  reinforced  concrete  beam,  the  object  be¬ 
ing  a  comparison  of  the  various  formulas  advanced  by  different 
engineers. 

The  engineers  to  whom  these  comparisons  have  been  shown 
have  expressed  their  interest  in  them  and  I  have  been  asked  to 
present  them  before  this  society. 

I11  a  beam  of  given  cross-section  and  area  of  reinforcement 
the  first  thing  determined  is  the  location  of  the  neutral  axis. 

There  are  two  well-known  methods  of  obtaining  this.  The 

• 

first  and  most  used  is  based  on  the  two  assumptions,  that  the  total 
compression  is  equal  to  the  total  tension  in  simple  cross-bending 
and  that  a  plane  section  before  bending  refnains  a  plane  after 
bending. 

The  tensile  stress  in  the  concrete  is  neglected. 

Among  the  formulas  derived  bv  this  first  method  may  be  men¬ 
tioned  the  so-called  Prussian  formula,  which  is  required  by  the 
Prussian  rules  and  regulations  for  building  construction ;  those 
advanced  by  Edwin  Thacher,  Emile  Perrot,  A.  L.  Johnson,  Capt. 
Sewell,  of  the  Corps  of  Engineers,  U.  S.  A.,  Prof.  Matt,  Fr.  von 
Emperger,  Christophe,  Considere  and  those  published  in  two 
recent  books  on  reinforced  concrete;  one  by  Chas.  F.  Marsh  and 
the  other  by  A.  W.  Buel  and  C.  S.  Hill. 

The  second  method  is  to  consider  the  steel  reinforcement  re¬ 
placed  bv  an  area  of  concrete  equal  to  the  area  of  the  steel  multi¬ 
plied  bv  the  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modu¬ 
lus  of  elasticity  of  concrete.  This  concrete  to  be  considered  as  a 
projecting  Range  in  the  plane  of  the  steel,  the  neutral  axis  being 
then  considered  as  at  the  center  of  gravity  of  the  new  section. 


^Meeting  of  Structural  Section,  November  22,  1904. 


582  ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

The  formula  of  Prof.  Ritter,  which  is  adopted  by  the  Swiss 
Government  and  the  formula  of  the  late  J.  B.  Johnson,  are  both 
based  on  this  method. 

The  various  formulas  mentioned  as  deduced  by  the  first 
method,  with  one  or  two  exceptions,  show,  to  the  casual  observer, 
no  similaritv.  The  nomenclature,  as  well  as  the  forms  of  the 
equations,  being  different. 

Desiring  to  compare  these  formulas  to  ascertain  wherein  they 
differed,  I  adopted  a  nomenclature  to  suit  myself,  although  dif¬ 
fering  somewhat  from  all  the  others,  which  was  to  be  expected. 

These  formulas  for  locating  the  neutral  axis  I  found  could 

all  be  reduced  to  the  same  general  form  of  X-  (  V  A 


NOMENCLATURE. 


T=Tensile  stress  in  steel,  pounds  per  sq.  in. 
C=Compressive  stress  in  concrete,  pounds  per  sq.  in. 
A=Area  of  steel  reinforcement. 

Es=Modulus  of  elasticity  of  steel. 

Ec=Modulus  of  elasticity  of  concrete. 


Es 


V 


X==Distance  of  neutral  axis  from  compression  side  of  beam. 
d-x=Distance  of  neutral  axis  from  center  of  steel. 

M=Resisting  moment  of  beam. 
h=Height  of  beam  in  inches. 
b=Width  of  beam  in  inches. 

d=Depth  of  steel  below  compression  side  of  beam. 
d-Fx=Distance  between  centers  of  tension  and  compression. 
Fx=Distance  from  center  of  compression  to  compression  side. 
F=Constant  less  than  unity. 

K=Constant  in  the  formula  for  “X.” 


KnA 


2bd 

kFa 


) 


M=TA(d-Fx) 
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COMPRESSIVE  STRESS  DIAGRAMS. 


Prussian,  Thacher,  etc. 
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Compressive  Stress  Diagrams. 

In  the  value  of  K  is  shown  the  only  difference  between  the 
various  formulas  for  (X). 

K  varies  in  the  different  formulas  because  of  their  authors 
different  conceptions  of  the  stress  diagram  of  compression.  In 

the  Prussian,  Thacher,  Perrot  and  Buell  and  Hill  formulas  it  is 

cx 

considered  a  triangle  with  an  area  of  —  and  a  lever  arm  with 

respect  to  the  neutral  axis  of  2/3X.  A.  L.  Johnson  considers  it  as 
shown  on  the  sketch  with  an  area  of  fCX  and  a  lever  arm  of  2/3X ; 
Capt.  Sewell,  as  a  compromise  between  a  parabola,  with  the  ver¬ 
tex  at  the  neutral  axis  and  a  triangle,  the  area  being  f  CX  and  the 
lever  arm  3/5X.  Prof.  Hatt,  as  a  parabola  with  vertex  at  the  out¬ 
ermost  compression  fibre  an  area  of  2/3CX  and  a  lever  arm  of 
JX.  Von  Emperger,  as  a  rectangular  area  of  CX  and  a  lever  arm 
of  JX. 

Considere  and  A.  L.  Johnson  in  their  formulas  utilize  the  re¬ 
sistance  of  the  concrete  to  tension.  Tests  show  that  fine  cracks 
appear  when  medium  steel  is  stressed  up  to  about  one-half  its  elas¬ 
tic  limit  and  the  tension  value  of  the  concrete  is  certainly  lost  then 
if  not  before.  Therefore  in  this  comparison  I  have  taken  liberties 
with  the  A.  L.  Johnson  formula  by  omitting  the  tension  in  the 
concrete  and  where  I  mention  or  use  this  formula  I  mean  the 
formula  modified  as  stated. 

The  constants  K  are  shown  on  the  stress  diagram  and  are  for 
the  Prussian  and  Thacher  formula  unity,  for  that  of  A.  L.  John¬ 
son  1.2,  for  that  of  Capt.  Sewell  0.8,  for  that  of  Prof.  Hatt  .75  and 
for  that  of  Von  Emperger  unity. 

The  formulas  for  the  resisting  moment  of  the  beam  may  be 
made  to  take  the  form  of  either  the  total  tension  or  the  total  com¬ 
pression  multiplied  by  d — Fx.  In  the  first  case  it  would  be 

1  A  (d — Fx)  as  shown  on  the  sketch,  and  in  the  second  the  TA 
being  replaced  by  its  equivalent,  b,  multiplied  by  the  area  of  the 
compressive  stress  diagram. 

1  nder  each  stress  diagram  is  shown  the  value  of  ^  for  1  per 
cent,  of  steel  stressed  to  35,000  lbs.  per  sq.  inch.  This  value  shows 
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numerically  the  difference  in  the  various  formulas,  which  differ¬ 
ence  you  will  note  is  very  small  for  the  first  four  formulas,  being 
for  the  Prussian  and  Thacher  301,  A.  L.  Johnson  297.6,  Capt. 
Sewell  296.5  and  Prof.  Hatt  300.5. 

The  formulas  for  X  which  consider  the  steel  as  replaced  by 
concrete,  show  no  similarity  to  the  preceding  ones.  The  neutral 
axis  is  bv  this  method  always  below  the  center  of  the  beam, 
whereas  by  the  first  method  it  is  sometimes  above  and  sometimes 
below  the  center,  depending  upon  the  percentage  of  reinforcement 
and  tests  have  substantiated  this  variable  position  of  the  neutral 
axis. 

To  show,  graphically,  the  comparison  of  these  various  formu¬ 
las,  I  have  plotted  the  resisting  moment  lines  for  a  tensile  stress  in 
the  steel  of  35,000  lbs.  per  sq.  inch,  using  various  percentages  of 
reinforcing. 

The  lines  of  the  Hennebique  and  Considere  formulas  are  not 
shown,  as  I  have  not  yet  completed  their  reduction  to  a  satisfac¬ 
tory  form. 

DISCUSSION  ON  PAPERS  OF  MESSRS.  CUMMINGS  AND  CORNISH. 

Mr.  Samuel  Diescher,  M.  Eng.  So.  W.  Pa. — Is  the  loca¬ 
tion  of  the  neutral  axis  determined  by  the  moduli  of  elasticity  or 
by  the  ultimate  strength  of  the  materials?  And  why  do  the  mo¬ 
ment  diagrams  given  by  the  different  authorities  differ  so  widely? 

Mr.  L.  D.  Cornish — The  location  of  the  neutral  axis  is  de¬ 
termined  by  the  moduli  of  elasticity  of  the  materials,  but  there  is 
quite  a  wide  variation  of  the  modulus  of  elasticity  of  the  concrete 
depending  on  the  age,  previous  loading,  composition,  method  of 
construction,  quality  of  the  materials,  etc.,  besides  the  stress 
strain  curve  of  concrete  has  a  considerable  curvature  from  the 
start,  while  that  of  steel  is  practically  straight  up  to  near  the  elastic 
limit.  The  various  authorities  have  fixed  the  moment  diagrams 
so  as  to  give  the  nearest  approximation  to  their  interpretation  of 
the  results  of  the  various  tests  that  have  been  made  to  determine 
the  modulus  of  elasticity  of  the  concrete,  and  to  give  results  ap¬ 
proximating  as  nearly  as  possible  to  the  results  of  numerous  tests 
of  the  strength  of  actual  re-enforced  concrete  beams  of  various 
forms,  and  notwithstanding  the  wide  variations  in  the  form  of  the 
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moment  diagrams,  the  strength  of  a  beam  as  determined  by  the 
various  formulas  shows  surprisingly  small  variations  as  the 
speaker  has  shown  in  his  paper. 

Mr.  Samuel  Diescher — Why  is  not  the  tensile  strength  of 
the  concrete  taken  into  consideration,  and  how  are  the  longitudinal 
and  transverse  shearing  stresses  resisted? 

Mr.  L.  D.  Cornish — Concrete  is  very  weak  in  tension,  in 
fact,  when  steel  bars  are  imbedded  in  it  and  the  whole  subjected 
to  a  tensile  stress,  the  concrete  shows  minute  cracks  long  before 
the  steel  has  reached  its  ordinary  working  stress.  This  is  shown 
experimentally.  Therefore,  although  the  tensile  strength  of  the 
concrete  adds  something  to  the  strength  of  the  beam,  the  addition 
is  so  slight  and  so  uncertain  in  amount  that  it  is  usually  ignored, 
especially  that  it  is  an  error  on  the  safe  side.  The  steel  re-enforce¬ 
ment  is  usually  so  arranged  as  to  resist  both  the  longitudinal  and 
transverse  shearing  stresses,  at  least  near  the  ends  of  the  beam 
where  they  are  the  greatest ;  the  manner  of  doing  this  differs  ac¬ 
cording  to  the  system  of  re-enforcement  adopted.  Near  the  mid¬ 
dle  of  the  beam  the  strength  of  the  concrete  alone  is  generally  suf¬ 
ficient  to  resist  all  shearing  stresses. 

Mr.  W.  Whited,  M.  Eng.  So.  W.  Pa. — The  modulus  of  elas¬ 
ticity  of  concrete  varies  from  about  2,500,000  to  about  3,500,000, 
so  it  is  easily  seen  that  refined  mathematical  analysis  is  super¬ 
fluous.  The  best  that  can  be  done  is  to  establish  as  rational  a 
formula  as  practicable  and  assign  such  values  to  the  constants 
as  to  give  a  large  factor  of  safety. 

Mr.  W.  G.  Wilkins,  M.  Eng.  So.  W.  Pa. — It  used  to  be  said 
in  connection  with  the  calculations  of  structural  and  bridge  work 
that  the  safety  factor  was  a  factor  of  ignorance  and  this  remark 
will  also  apply  to  concrete  steel  construction.  In  concrete  steel 
construction  in  addition  to  the  safety  factor  it  seems  to  the 
speaker  that  there  is  another  factor  to  be  given  consideration,  and 
it  is  an  exceedingly  important  factor,  and  one  which  should  cer¬ 
tainly  be  taken  account  of  in  designing  a  structure  to  be  built 
of  re-enforced  concrete.  This  factor  might  very  properly  be  called 
a  “factor  of  carelessness."  It  makes  no  difference  howT  exactly 
the  sizes  of  the  various  parts  of  the  work  are  calculated,  or  how 
good  the  materials  are  of  which  the  structure  is  built,  it  is  certain 
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that  unless  these  materials  are  very  carefully  mixed  and  used  the 
result  will  be  a  failure  in  some  part  of  the  structure.  This  is 
particularly  true  where  the  work  is  not  of  sufficient  magnitude 
to  warrant  the  concrete  being  machine  mixed,  but  is  mixed  by 
hand,  using  cheap  labor.  If  the  sand,  cement  and  gravel  are  not 
uniformly  mixed  and  tamped  there  will  be  some  parts  of  the  work 
that  will  be  weaker  than  the  rest.  There  would  also  seem  to  be 
a  chance  for  imperfect  work  where  one  day’s  concrete  is  deposited 
on  the  work  done  the  previous  day  and  which  has  had  a  night  or 
a  Sunday  to  set,  resulting  in  an  imperfect  or  perhaps  no  bond  at 
all  between  the  two  days’  work.  For  these  reasons  it  seems  im¬ 
perative  that  there  should  be  very  rigid  inspection  not  only  of 
the  material,  but  also  of  the  labor  employed  in  the  mixing  and 
placing  the  concrete  to  prevent  carelessness  by  the  workmen 
employed  which  may  result  in  failure  of  some  part  of  the  structure. 

As  to  the  fire  resisting  qualities  of  concrete,  the  speaker  has 
recently  made  some  rough  tests  on  concrete  and  sandstone  in  con¬ 
nection  with  coke  oven  construction.  Several  concrete  blocks 
about  i8"xi8"xt8"  were  made  and  these  with  some  sandstone 
blocks  the  same  size  were  covered  with  old  railroad  ties  saturated 
with  oil  and  set  on  fire.  The  concrete  blocks  came  through  the 
test  intact,  while  the  sandstone  blocks  were  shattered  into  small 
pieces. 

Mr.  R.  Kiiuen,  Jr.,  M.  Eng.  So.  W.  Pa. — I  would  like  to 
ask  what  was  used  for  an  aggregate  in  that  concrete? 

Mr.  W.  G.  Wilkins — It  was  ordinary  gravel  taken  from  the 
creek  near  the  works. 

Mr.  R.  Kiiuen,  Jr — The  fire  resisting  qualities  of  re-enforced 
concrete  depend  largely  on  the  material  of  the  aggregate.  Gran¬ 
ite,  for  example,  as  is  well  known,  crumbles  to  pieces  very  quickly 
in  a  fire.  Limestone  is  also  liable  to  cause  trouble  in  the  same 
way.  The  speaker  would  also  suggest  that  the  minute  cracks  in 
the  tension  side  of  a  beam  might,  if  exposed  to  the  weather,  admit 
moisture  and  cause  the  corrosion  and  destruction  of  the  steel  re¬ 
enforcement. 

Mr.  W.  Whited — I  would  suggest  the  ordinary  blue  stone, 
which  is  very  abundant  in  this  vicinity  as  a  good  material  for  ag- 
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gregates.  It  is  hard  and  strong.  It  does  not  stand  well  if  exposed 
to  the  weather,  but  aggregates  are  not  so  exposed. 

It  is  a  well  known  fact  that  iron  rust  has  about  four  times 

t 

the  volume  of  the  iron  from  which  it  is  made,  therefor  if  the 
steel  re-enforcement  rusts  to  any  injurious  extent,  the  expansion 
of  the  rust  would  flake  off  the  concrete  and  reveal  the  fact.  The 
fact  that  few  if  any  re-enforced  concrete  structures  have  failed  in 
this  way,  is  first  rate  evidence  that  the  fears  of  many  people  on 
this  point  are  groundless. 

As  to  the  cracking  of  the  concrete  on  the  tension  side  of  a 
beam,  the  cracks  are  not  close  enough  together  to  impair  the  re- 
sistence  of  the  concrete  to  longitudinal  shearing  stresses  and  the 
re-enforcement  must  be  so  placed  as  to  resist  the  transverse  shear 
wherever  the  cracks  in  the  concrete  have  seriously  impaired  its 
transverse  shearing  strength. 

Mr.  R.  Khuen,  Jr. — Is  it  not  impracticable  to  build  re-en¬ 
forced  concrete  work  in  winter  on  account  of  the  fact  that  ce¬ 
ment  will  disintegrate  if  subjected  to  alternate  freezing  and  thaw¬ 
ing  before  it  sets  ? 

Mr.  R.  A.  Cummings — There  are  various  methods  used  for 
the  manufacture  of  concrete  in  winter.  All  aim  to  accelerate  the 
setting  of  the  cement  by  increasing  the  temperature  of  the  mixture 
so  that  it  takes  place  before  being  subjected  to  frost  which  does 
not  seriously  affect  it  afterwards.  Of  these  methods,  the  addition 
of  salt  to  the  water  when  mixing  is  quite  common ;  another  is,  the 
heating  of  the  aggregates,  sand  and  water,  both  methods  being  fol¬ 
lowed  by  a  provision  for  protecting  the  concrete — usually  heated 
air  from  salamanders,  etc.  The  speaker  is  opposed  to  both  these 
methods  for  re-enforced  concrete  work,  using  steam  instead.  His 
objection  to  the  use  of  salt  is  based  upon  its  affinity  for  moisture 
and  possible  future  trouble  for  the  steel  re-enforcement,  besides 
an  unsightly  efflorescence  on  the  finished  work.  As  to  the  heating 
of  the  aggregates  and  sand — there  is  a  great  risk  of  over  heating 
these,  causing  a  too  rapid  evaporation  of  the  water  required  for 
the  concrete  to  set,  which  results  in  a  weak  concrete  likely  to  dis¬ 
integrate.  The  same  objection  is  made  to  all  applications  of 
heated  air. 
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Mr.  J.  B.  Anderson,  M.  Eng.  So.  W.  Pa. — Where  concrete 
is  put  in  wooden  forms  the  wood  itself  protects  from  freezing 
all  but  the  top,  and  that  is  very  easily  protected  by  throwing  dry 
sand  over  it  and  covering  it  over  with  canvas  or  something  of 
that  kind  till  it  sets,  which  generally  occurs  in  four  or  five  hours, 
when  all  danger  of  injury  by  freezing  is  past. 

Mr.  R.  W.  Bridge,  M.  Eng.  So.  W.  Pa. — About  five  years 
ago  I  put  up  some  work  for  the  National  Glass  Company  at  Cam¬ 
bridge,  Ohio.  The  whole  of  the  floors  between  the  I  beams  was 
carried  by  corrugated  iron  arches,  with  four-inch  rise  and  about 
three  inches  of  concrete  on  the  crown.  It  was  very  frosty  weather, 
about  10  or  12  degrees  below  zero.  I  placed  myself  on  record 
at  the  time  to  the  effect  that  I  would  not  be  responsible  for  the 
concrete.  The  proprietors  were  so  anxious  that  it  should  be 
finished  that  they  gave  me  all  the  assistance  possible,  furnishing 
all  the  gas  I  could  use.  It  set  pretty  well.  Steam  came  from  it. 
It  froze  solid  and  stayed  frozen  for  about  six  weeks,  then  a  thaw 
came  and  the  concrete  returned  to  the  condition  it  was  when  it 
was  put  in,  and  to  my  astonishment,  about  a  day  afterward  it 
started  to  set,  and  two  or  three  months  after  that  I  had  occasion 
to  drill  some  holes  through  it  and  found  it  very  difficult  to  drill. 
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WOOD  MILL  BUILDING  CONSTRUCTION  AS  EXEM¬ 
PLIFIED  BY  THE  PLANT  OF  THE  SLIGO  IRON 
AND  STEEL  CO.  OF  CONNELLSVILLE,  PA.* 

BY  A.  E.  DUCKHAM. 

Member  Engineers’  Society  of  Western  Penn’a. 

At  the  time  that  I  undertook  to  design  the  buildings  the  use 
of  wood  was  decidedly  a  case  of  compulsion  due  to  several  causes, 
the  chief  of  which  was  the  scarcity  (at  that  time)  of  steel  and  its 
slow  delivery  and  the  idea  of  economy  which  influenced  my  clients. 
In  fact  I  was  prejudiced  against  wood  in  construction,  having 
worked  for  a  number  of  years  with  several  of  our  large  bridge 
and  structural  works  in  steel  construction.  Yet,  no  doubt,  wood 
has  its  place  in  construction  of  buildings ;  one  of  the  main  ad¬ 
vantages  being  slow^  combustion — for  though  wood  will  burn  rap¬ 
idly  in  small  sticks,  yet  in  large  timbers  of  solid  construction  it 
only  smoulders  or  chars,  -while,  as  often  proven  by  experience,  a 
comparatively  small  fire  will  often  warp  the  steel  frame-work  of  a 
building  unprotected  (as  a  mill-building  is)  by  fire-proofing. 

One  objection  to  the  use  of  timber  where  subjected  to  strains, 
as  in  roof-trusses,  is  the  uncertainty  of  the  material  in  practice,  and 
the  difference  between  that  found  in  actual  work  and  that  used 
in  the  laboratory  experiments,  as  w^ell  as  the  difference  in  size.  It 
is  indeed  fortunate  that  the  Bureau  of  Forestry  of  the  Department 
of  Agriculture  has  again  taken  up  the  subject  of  timber  tests.  The 
first  part  of  the  work  was  in  the  hands  of  the  late  Prof.  J.  B. 
Johnson  (whose  death  wras  a  great  loss  to  our  engineering  pro¬ 
fession)  ;  but  the  present  tests  are  being  made  under  the  super¬ 
vision  of  Prof.  W.  K.  Hatt.  As  previously  stated,  the  conditions 
under  which  our  timber  is  obtained  is  so  varied  by  nature  (even 
if  not  by  man)  that  figures  as  to  strength  are  a  very  uncertain 
quantity.  The  pieces  chosen  for  the  tests,  usually  being  small 
in  section,  are  selected  and  clear;  wdiile  those  which  go  into  our 
building  are  often  more  or  less  full  of  knots,  wind  shakes,  sap- 

*Read  before  the  Structural  Section  of  the  Engineers’  Society  of 
Western  Pennsylvania,  December  27,  1904. 
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wood,  or  similar  defects,  which  even  with  vigorous  inspection  can¬ 
not  be  entirely  excluded.  The  relation  between  the  resistance  of 
timber  and  the  degree  of  seasoning  has  to  be  considered  also. 

In  taking  up  the  different  parts  of  our  building  of  wood  con¬ 
struction  we  naturally  start  at  the  base — in  this  case  the  column  or 
post  which  supports  the  roof.  The  formula  for  determining  the 
strength  of  wooden  columns  with  square  ends,  deduced  by  tests 
made  at  Watertown  Arsenal,  Mass.,  is: 

S=U-(-t) 

x  100  d  ' 

ir.  which  S=ultimate  strength  of  column  per  square  inch  of 
section. 

1’= ultimate  compressive  strength  of  material  per  square 

inch. 

1— length  of  column  in  inches. 

d=dimension  of  least  side  of  column  in  inches. 

Providing  the  length  is  not  under  10  or  over  45  times  the 
least  side. 

In  other  words,  ~  should  not  be  less  than  10  nor  more  than 

45.  If  the  length  is  less  than  10  times  the  least  side,  the  direct 
compressive  strength  of  the  material  per  square  inch  multiplied  by 
the  sectional  area  of  the  column  in  square  inches  will  give  the 
strength  of  the  column.  If  the  length  is  over  45  times  the  least 
side,  this  formula  will  not  apply ;  in  such  cases,  provision  must  be 
made  for  bracing  the  column  in  all  directions,  or  the  load  upon  it 
reduced.  This  seldom  occurs  in  practice.  Having  obtained  S, 
the  breaking  load  per  square  inch  of  section,  the  safe  load  per 
square  inch  will  he  obtained  by  dividing  by  the  required  factor  of 
safety — 4,  5  or  6.  This  multiplied  by  the  sectional  area  will  give 
the  safe  load  for  the  column. 

Xo  column  should  be  less  than  eight  inches  on  a  side,  from 
the  Fire  Underwriter's  point  of  view.  As  to  the  material,  yellow 
pine  is  best ;  but  sometimes  white  pine,  spruce  and  oak  are  used. 
The  value  of  U,  as  taken  from  a  table  prepared  from  actual  ex¬ 
periments,  for  northern,  or  short-leaf,  yellow  pine  is  4,000.  If 
southern,  or  long-leaf,  yellow  pine  were  used,  5.000  would  be  the 
figure.  Tables  being  prepared  for  the  strength  of  different  sizes 
of  columns,  the  breaking  loads  can  readily  be  picked  out. 
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The  allowable  unit  stresses  used  on  this  work,  expressed  in 
pounds  per  square  inch  were  as  follows : 

Timber  in  tension  only,  1,300;  timber  in  compression,  1,100; 
timber  in  extreme  fiber  under  flexure,  1,200;  timber  for  shear  par¬ 
allel  to  the  fiber,  130;  timber  for  compression  on  sides  of  fibers: 
(a)  when  entire  side  is  compressed,  300;  (b)  only  half  of  side 
compressed,  400;  (c)  under  a  washer,  500. 

For  wrought  iron  in  tension,  12,000;  in  extreme  fiber  under 
flexure,  12,000;  for  rivets  in  shear,  9,000;  in  bearing,  18,000;  and 
in  the  outer  fiber  of  bolts  under  flexure,  15,000. 

The  bending  moment  of  the  rafter  is  computed  by  the  usual 
formula  of  the  Mechanics  of  Materials : 

SI 

M=—  ;  when  M==maximum  Bending  Moment. 

S— unit  stress  allowed,  I=Moment  of  Inertia,  and 
c=  distance  of  extreme  fiber  from  neutral  axis. 

bd3 

Then  M— S  I  _  1200  x  12  ,  where  b=width  and  d=depth 
c  c 

of  beam  in  inches. 

Where  a  rafter  is  2  inches  wide, 

2  V  d3 
1200  x  - 

M-  - 5 - —  =  400  d2. 

2 

The  rods,  where  not  upset,  are  figured  for  area  at  root  of 
thread. 

The  weight  of  truss  was  about  five  pounds  per  square  foot  of 
horizontal  area.  The  total  load  per  square  foot  horizontally  was 
taken  as  50  pounds ;  including  dead,  snow  and  wind  loads. 

Using  Merriman’s  formula  for  wooden  trusses : 

W=-J  al  (l+  to  1)>  where  a=distance  between  trusses 
(or  “bay”)  and  l=span. 

W=JX2oX8o(i+8)=  7200=weight  of  one  entire  truss; 
then  2o7^°  — =4.5  pounds  per  square  foot. 

The  stresses  were  figured  graphically. 

The  knee-brace  strain  was  figured  as  usual : 

n  1 

K=  -  ;  in  which,  S=horizontal  strain  from  wind  applied 

R 
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at  base  of  column,  l=distance  from  bottom  of  truss  to  base  of 
column,  and  R=radius  of  arc  which,  being-  inscribed  with  a  center 
at  the  junction  of  lower  chord  of  truss  and  column,  touches  the 
knee-brace.  It  will  be  noticed  that  no  matter  at  what  inclination 
the  knee-race  is  made,  if  drawn  tangent  to  this  arc  of  radius  R, 
the  stress  will  remain  the  same.  This,  of  course,  considers  the  col¬ 
umn  hinged  at  the  base,  which  the  writer  considers  the  proper 
hypothesis ;  as  anchor-bolts  are  more  for  the  use  of  the  erectors 
than  anything  else.  The  wind-load  was  figured  at  30  pounds  per 
square  foot,  the  buildings  being  in  an  exposed  position. 

One  item  of  uncertainty  in  figuring  the  stresses  of  a  truss  is 
whether  the  truss  will  be  allowed  only  its  legitimate  load,  or 
whether  the  shop  foreman  in  ignorance  will  affix  thereto  divers 
“runways”  or  make  an  attic  storeroom  between  the  top  and  bot¬ 
tom  chords.  The  same  may  be  said  of  the  columns ;  which  often 
carry  jib-cranes,  for  which  they  were  never  designed.  The  “back 
is”  not  always  “'made  to  fit  the  burden”! 
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H.  H.  Anderson,  Chairman. 

W.  H.  Baltzell,  Vice  Chairman.  H.  D.  James,  Secretary 

DIRECTORS. 

L.  C.  Moore.  J.  L.  Klindworth. 

STRUCTURAL  SECTION. 

E.  K.  Morse,  Chairman. 

R.  A.  Cummings,  Vice  Chairman.  Thos.  J.  Wilkerson,  Secretary 

DIRECTORS. 

Chas.  Worthington. 


T.  D.  Lynch. 
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ngiheers’  Society  of  Western  Pennsylvania. 


ANNOUNCEMENT. 

The  Society  will  mail  each  month  to' its  members  and  correspondents,  post¬ 
age  prepaid,  a  copy  of  the  magazine;  each  one  including  the  minutes  of 
and  the  papers  read  at  the  regular  meeting,  and  meetings  of  the  Chemi¬ 
cal,  Mechanical  and  Structural  Sections. 

The  magazines  are  for  sale  at  50  cents  each.  Subscription  price,  $5.00  pe~ 
annum. 

In  addition,  any  paper  which  the  author  desires  to  be  distributed  before 
being  read  will  be  mailed  separately. 


The  following  Rules  of  the  Board  of  Directors  are  in  force  : 

No  paper  shall  be  published  in  any  journal  or  magazine  before  its  appearance  in 
the  Society's  Proceedings,  without  the  sanction  of  the  Board. 

An  author  of  a  paper  is  entitled  to  twenty-five  copies,  if  printed.  In  addition  he 
can  purchase  fifty  or  more  copies  extra  at  first  cost  to  the  Society,  plus  10  per 
centum,  provided  the  order  is  forwarded  before  the  type  is  distributed.  These 
papers  can  be  issued  with  pamphlet  covers  when  desired. 

With  the  publication  of  Volume  X,  the  printing  and  binding  of  our  Transactions 
as  an  Annual,  by  the  Society,  ceased.  The  paging  of  the  Monthly  numbers,  how¬ 
ever,  will  be  made  consecutive,  and  at  the  end  of  the  year  a  title  page  and  index 
will  be  provided,  so  that  members  may  have  them  bound  into  a  volume  uniform 
with  preceding  ones. 

Copies  of  Volumes  will  be  mailed  to  members  who  are  in  good  standing,  on  receipt 
of  prices  as  stated  below,  for  paper  covered  or  25  cents  extra  for  cloth  bound. 

Vol.  I,  $1.50,  Vol.  IV.  $2.00,  Vol.  V,  $1.00,  Vol.  VI,  $1.00,  Vol.  VII,  $1.50,  Vol.  VIII, 
50c  .,Vol.  IX,  50c.,  Vol.  X,  50c.  Complete  sets  of  Vols.  XI  and  XII,  unbound, $2.00 
each. 

A  few  copies  of  single  papers  unbound  will  be  carried.  These  can  be  purchased  by 
members  for  25  cents  each. 


In  order  to  keep  the  cost  of  publication  of  papers  within  the  limits  of  the 
resources  of  the  Society,  the  Board  desires  to  impress  on  all  authors  the 
necessity  of  restricting  their  illustrations  to  single  page  and  to  a  limit 
of  three  pages.  The  Board  reserves  the  right  of  supervision  of  papers 
and  illustrations. 

In  regard  to  preparing  drawings  for  publications:  Tracings  only  can  be  used, 
and  these  must  be  in  strong  lines  and  strong  lettering.  The  author  must 
make  all  tracings  subject  to  reduction  to  (U  inches  in  one  dimension 
The  size  of  a  single  page  of  our  publications  is  6$x4  inches.  Pull  outs 
may  be  in  multiples  of  the  4-inch  dimension,  but  must  not  exceed  6} 
inches  in  the  other.  Many  tracings  may  be  made  so  strong  by  using 
black  ink  and  wide  lines  that  reduction  is  possible  across  the  page.  A1 
tracings  can  be  reduced  six  to  one.  [Before  any  illustrations  are  repro¬ 
duced  the  author  must  submit  his  tracings  to  the  Board  of  Direction. 1 


Proceedings  ENGINEERS’  Society 

of  Western  Pennsylvania. 

Published  monthly  by  the  Society. 

For  advertising  rates  address  Engineers  Adv. 

Department, 

323  Fourth  Avenue,  Pittsburg,  Pa. 

Court  241.  P.  &  A.  'Phone  454  Main. 


The  problem  of  advertising  for  en¬ 
gineers  and  manufacturers  is  one  that 
should  enlist  the  best  efforts  of  ex¬ 
pert  advertising  men;  but  it  is  too  often 
delegated  to  inexperienced  hands  or  so 
slightingly  treated  as  almost  to  nullify 
any  good  effects  that  might  otherwise 
be  expected  from  it. 

It  is  a  notable  fact  that  good  results 
uniformly  follow  good  “copy.” 

Engineering  subjects  can  be  treated 
interestingly,  although  seriously;  and  a 
good  illustration  very  often  helps  out 
the  advertisement  wonderfully.  In  this 
connection,  we  would  draw  the  attention 
of  manufacturers  to  the  excellent  work 
that  is  being  done  in  technical  advertis¬ 
ing  by  the  well  known  Pittsburg  adver¬ 
tising  corporation  of  W.  S.  Hill  Com¬ 
pany.  Each  problem  is  carefully  stud¬ 
ied  and  every  advertisement  says  some¬ 
thing  definite  and  pertinent,  in  an  at¬ 
tractive  way,  with  or  without  the  help 
of  a  picture. 

Such  advertising  brings  business  and 
on  account  of  this  special  ability  to 
build  technical  business  publicity,  the 
TT.  S.  Hill  Company  report  a  most  en¬ 
couraging  increase  of  business,  in  Pitts¬ 
burg  and  its  vicinity.  They  have  pro¬ 
duced  some  very  good  things  in  the  way 
of  car  cards,  folders,  booklets,  cata¬ 
logues,  newspaper  and  magazine  ad¬ 
vertisements  of  all  varieties  and  we  can 
confidently  recommend  any  of  our 
friends  and  advertisers  to  take  their 
advertising  problems  to  the  W.  S.  Hill 
Company  for  solution. 


the  month,  they  shipped  more  goods 
than  in  any  one  day  since  they  com¬ 
menced  business.  They  are  considerably 
behind  orders,  p.nd  are  running  their 
factory  until  9:00  every  night.  This 
certainly  is  a  very  encouraging  report, 
and  we  congratulate  the  Lagonda  people 
on  this  gratifying  situation.  This 
factory  is  the  birth-place  of  the  famous 
Weinland  Tube  Cleaners,  Tube  Cutters, 
Damper  Regulators,  and  other  Steam 
Specialties. _ 

WILL  CONTESTS 


Can  be  Guarded  Against. 

We  have  a  new  form  of  will, 
drawn  by  counsel  specially  se¬ 
lected  for  their  thorough  knowl¬ 
edge  of  the  law  on  this  subject. 
A  copy  of  the  document  will  be 
sent,  without  charge,  to  anyone 
requesting  the  same. 


T*&LomLlBusr  §mm 

317  FOVRTH  AVL. 

PITTSBURG,  PA 


Compound  Interest 
on  Savings  Accounts. 


The  Lagonda  3Ifg.  Co.,  of  Springfield. 
Ohio,  send  us  a  most  encouraging  fore¬ 
cast  of  their  business  prospects,  for  the 
new  year,  1905. 

They  tell  us  that  the  year  just  com¬ 
pleted  has  been  the  most  prosperous  in 
all  their  history;  and  last  month,  De¬ 
cember,  was  the  largest  single  month's 
business  they  have  ever  recorded.  On 
last  Saturday,  the  last  working  day  of 


Interest  on  Daily 
Balances. 


HOME  TRUST  CO. 

At  Wood  Street  and  Sixth  Avenue. 

(Directly  Opposite  McCreery’s  New  Store) 


JULIAN  KENNEDY 

ENGINEER 

Cable  Address, 

ENGINEER,  Pittsburg  PITTSBURG,  PA.,  U.  S.  A. 
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First  Cost  and  Last 

When  you  figure  on  a  job  of  painting, 
figure  by  the  year.  There  is  no  economy 
in  a‘ saving  of  $10  on  first  cost  if  it  takes 
$100  to  do  the  job  over  again  a  few  months 
later. 

In  the  first  place,  get  a  paint  that  will  last 
— that  won’t  crack,  or  peel,  or  blister,  that 
isn’t  affected  by  heat  or  cold — that  will  pre¬ 
vent  rust. 

Burlington,  Iowa,  Apr.  29,  '04. 

The  McClintock  &  Irvine  Co. 

Pittsburg,  Pa. 

Gentlemen  : — Ship  at  once  1  bbl.  Etna  Iron  Paint,  black,  same 
as  shipped  us  October  31,  1903. 

This  paint  is  the  best  on  earth  for  iron  roofs. 

Yours  truly, 

The  Robert  Donahue  Iron  &  Hardware  Co. 

Write  Us.  We  want  to  be  written  to. 

The  McClintock  & 

Irvine  Company 

PITTSBURG,  PA. 
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GOLD  MEDAL 


HIGHEST  AWARD  AT  THE  UNIVERSAL 
EXPOSITION,  ST.  LOUIS, 

AWARDED  DEARBORN  METHODS 
OF  TREATING  BOILER  WATERS 
AND  DEARBORN  VEGETABLE 
FEED- WATER  TREATMENT, 

This  award  was  made  from  results  obtained  in  keeping  a  battery 
of  3000  horse-power  water-tube  boilers  absolutely  free  from 
scale  and  corrosion  during  the  six  months'  run  of  the  World's 
Fair  Power  Plant. 

Are  yoa  using  DEARBORN  VEGETABLE  FEED-WATER 
TREATMENT  in  your  boilers?  If  not,  send  gallon 
sample  of  water  for  analysis. 


Write  for  Booklet  “E." 


•  - 


W.  H.  EDGAR,  President.  C.  M.  EDDY,  Secy,  and  Treas. 

ROBT.  F.  CARR,  V.  Pres.  &  Gen.  Mgr.  W.  B.  McVICKER,  2d  V.  Pres.  &  East.  Mgr. 

NEW  YORK:  CHICAGO: 

120  liberty  Street.  27-34  Rialto  Building. 

PITTSBURG  OFFICE: 

House  Building,  ■  A.  W.  Crouch,  Mgr. 
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- THE——— 

HAZARD  MANUFACTURING  CO. 

WIRE.  ROPE. 

Hard  and  Soft  Drawn  Copper  Wire.  Insulated  Electric  Wires  and  Cables. 

A  Full  I/ine  of  Ropes  in  Stock  at  our  Pittsburg  Warehouse. 

N.  P.  HYNDMAN,  Sales  Agent, 

21  Conestoga  Building,  ...  PITTSBURG,  PA. 


CHAS.  WORTHINGTON,  C.  E. 

M.  AM.  SOC.  C.  E. 

Designer  of  Steel  Frame  Structures. 

Tel.  1990  Grant.  Farmers  Bank  Building,  Pittsburg. 


THE  PETROLEUM  IRON  WORKS  CO., 


Manufacturers  of  . 

BOILERS, 
STACKS. 
TANKS,  . 


WASHINGTON,  PA. 


and  alt  classes  of  Steel 
Plate  and  Sheet  Iron 
WorK.  Our  specialty  la 
Tanks  for  storage  of  any 
material  wnatever,  or 
for  any  pressure. 


LOWE  FEED  WATER  HEATER  AND  PURIFIER. 


THE  C.  &G.  COOPER  CO.,  Mt.  Vernon,  Ohio. 


BUILDERS  of  Rolling  Mill  Engines, 
Winding  Engines,  Heavy  Duty  Cor¬ 
liss  Engines  for  Street  Railways,  Electric 
Lighting,  Factories  and  General  Manu¬ 
facturing  Purposes,  Heavy  Special  Cast¬ 
ings,  Fly  Wheels,  Condensers  for  large 
plants. 

Make  a  Specialty  of  Furnish¬ 
ing  Complete  Steam  Plants 
of  the  Largest  Capacity. 

- ESTABLISHED  1833 - 
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SUPERIOR  ■GRAPHITE 


Excels  for  protecting  \Structur&l  \Steel,  Roofs, Trucks,  etc. 

Kre-proof ,  Rust-proof ,  Does  not  cTc^ck ,  Durable  . 

DETROIT  GRAPHITE MFG  CO. DETROIT  MICH. 


Blue  Print  Frames  and 
Papers. 

Drawing  Room  Furniture. 


Artists,  Architects  and 
Engineers  Supplies. 

Pyrography  Outfits  and 
Blanks. 

Send  for  our  250  page  illustrated  catalogue. 

543  Smithfield  St.,  -  Pittsburg,  Pa. 
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A  MARVEL  IN 
STEAM  PUMPS 

“THE  GREAT  BURNHAM.” 

To  Specifying  Engineers  : 

In  appealing  to  you  we  do  so  believing  we  are  doing  you  and 
your  clients  an  equal  justice  with  ourselves. 

Our  pumps  are  used  on  almost  every  class  of  work  on  which  you 
specify. 

The}’  are  made  with  one-eighth  inch  clearance  and  are  guaranteed  not 
to  strike  the  heads  if  suction  is  broken  when  under  full  load. 

They  are  guaranteed  not  to  short-stroke. 

Our  single  cylinder  double  acting  elevator  pumps  are  satisfactory  in 
every  instance  in  sendee  and  economy. 

Another  report  on  the  use  of  the  BURNHAM,  a  saving  of  231  tons 
coal  in  December,  January  and  February,  1904, over  a  similar  period  in  1903. 

Another  report :  “We  are  getting  as  great  a  service  on  one-eighth  turn 
of  throttle  on  your  pump  as  we  obtained  on  another  make  with  full 
opening.” 

Our  new  design  of  mine  pump  as  well  as  our  direct  acting  air, 
hydraulic,  vacuum,  and  general  service  pumps  are  all  worthy  of  your 
earnest  consideration. 

UNION  STEAM  PUMP  CO. 

BATTLE  CREEK.  MICHIGAN. 


THE  GREAT 

BURNHAM 


THE  GREAT 

BURNHAM 


THE  GREAT 

BURNHAM 


THE  GREAT 

BURNHAM 


Schutte  &  Koerting  Co. 

12th  &  Thompson  Streets,  Philadelphia. 

BRANCH  OFFICE,  TIMES  BUILDING,  PITTSBURG. 


used  in  connection  with  a  vertical 
exhaust  pipe.  This  Valve  is  of  the 


Noiseless  Piston  Type. 


Can  be  setfor  any  pressure,  from  nothing 
to  15  pounds  per  square  inch. 


aci/  mo  patai  nrncc  /  Injectors,  Syphons,  Exhausters  and  Blowers, 
ASK  FOR  CATALOGUES  jHjgh  C|as8  Va|veSi  Condensers,  Etc. 


THE  SCHUTTE  CO.  S 

Vertical  Automatic 
Back- Pressure  Valve, 
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KEASEV  PULLEYS 

With  Malleable  Iron  Hubs. 


208-210  Third  Avenue, 
PITTSBURG.  -  PA. 


Easy  mounting  on  shaft.  Interchange¬ 
able  wood  bushings.  Compression  shaft 
attachment  aided  by  set  screw.  No  wide  arms.  Every  segment 
nailed  and  glued.  Made  in  all  sizes  and  guaranteed  for  any  power. 


J.  D.  MclLWAIN  &  CO., 


ALSO- 

Leviathan  Belting,  Norton  Ball  Bearing  Jacks, 
Jackson  Belt  Lacing  Machines,  Buckeye  Lights, 

Heaters  and  Paint  Spraying  Machines. 
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EMIL  SWENSSON,  C.  E. 

M.  Am.  Soc.  C.  E. 

Consulting  and  Constructing  Ungineer. 

Telephone.  Bell  3353  Court.  925  FrlcK  Building,  PITTSBURGH,  PA. 

Bridges,  Elevated  Road--,  Oflice  and  Mill  Building.  Cars,  Ocean  Pieis  and  Docks. 

Ore  and  Coke-Bins,  and  other  Steel  Structures;  Manufacturing  Plants;  Kail  Roads, 

Rapid  Transit  Systems,  and  Street  Railways;  Foundations,  Examinations.  Valua¬ 
tions  and  Reports  for  luv  stment. 


I  S.  V.  HUBER  &  COMPANY,  co~SOLT^S,NeERs.  i 

K  FERGUSON  BUILDING,  PITTSBURG,  PA.  } 

V  Blast  Furnaces,  Bessemer  and  Open  Hearth  Steel  Works.  Rolling  Mills.  Steam  and  H)draulic  Machin-  A 
K  ery,  Etc.,  Hoop,  Merchant,  and  Continuous  Mills.  A 

£  CABLE  ADDRESS:  “HUBER,”  PITTSBURG. 

►>  COURT  3355,  3356.  A 


Re  L I A  IN|  c eJ^£n  grav  I 

cfPHOmEN GRAVERS 


»  uiv1mercial  Photographs  ^ 

SPECIAL  ATTENTION  TO  MECHANICAL  SUBJECTS 

BARKER  PLACE  - , — ^ 

PITTSBURGH  PA  W  Vj 
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THE  LOUISIANA  PURCHASE  EXPOSITION 

has  conferred  the  highest  award 

A  GOLD  MEDAL 

- on  the - 

PITTSBURG  METER  CO.,  EAST  PITTSBURG,  PA. 

for  the  superior  excellence  of  their 

KEYSTONE  WATER  METERS 

- AND - 

WESTINGHOUSE  GAS  METERS 

Awarded  the  Gold  Medal  at  the  Pan-American  Exposition. 


TAYLOR,  WILSON  &,  CO.,  Limited. 

Manufacturers  of 

Pipe  Mill  Machinery 

Pipe  Threading  and  Cutting  Machines,  Socket 
Tappers.  Testing  Benches,  Cross  Rolls,  Socket 
Reamers  and  other  machinery  used  in  the  man¬ 
ufacture  of  Wrought  Iron  pipe.  000 

MACHINE  MOLDED  GEARS. 

101  GRANT  AVENUE,  -  -  ALLEGHENY,  PA. 

Westinghouse 

Electrical  Apparatus 

Generators,  Motors,  Rotary  Converters,  Current 
Breakers,  Switches,  Switchboards,  etc. 

Standard  the  World  Over 

Westinghouse  Electric  &  Mfg.  Co. 

SALES  OFFICES  IN  ALL  LARGE  CITIES.  PITTSBURG,  PA. 

Westinghouse 

Steam  Engines,  Gas  Engines,  Steam  Turbines, 

Roney  Mechanical  Stokers. 

Each  Type  Unrivalled  in  Its  Particular  Field* 
The  Westinghouse  Machine  Co. 

,  Works,  East  Pittsburgh,  Pa. 

(New  York,  10  Bridge  St.  Chicago,  i7i  La  Salle  St. 

Sales  Offices:  -  Boston,  i3i  State  St.  Detroit,  Union  Trust  Bldg. 

(Pittsburg,  Westinghouse  Bldg.  Philadelphia,  Stephen  Girard  Bldg. 
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ALWAYS  UNIFORM. 


ATLAS 


PORTLAND 

CEMENT. 


THE  STANDARD  AMERICAN  BRAND. 


The  following  are  a  few  of  the  many  buildings  where 
Atlas  Portland  Cement  was  used  exclusively: 


Western  Pennsylvania  Exposition  Building, 
Keystone  Bank  Building,  - 
Peoples  Savings  Bank  Building, 

Phipps  Building,  - 

Hotel  Henry,  - 
Flannery  Apartment  Houses, 

A.  R.  Peacock’s  Residence, 

W.  N.  Frew’s  Residence,  - 
Farmers  National  Bank  Building, 

Oliver  Building,  - 

Nixon  Theater,  - 
St.  Paul’s  Cathedral,  -  - 
‘  Allegheny  General  Hospital, 

Allegheny  High  School,  - 


Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 
Pittsburg,  Pa. 

• 

Pittsburg,  Pa. 
Pittsburg,  Pa. 
Allegheny,  Pa. 
Allegheny,  Pa. 


For  prices  apply  to 

THE  ATLAS  PORTLAND  CEMENT  CO., 

30  Broad  Street,  -  New  York. 

- OR - 

DUNCAN  &:  PORTER  CO., 

212*16  Anderson  St.,  ’Phone  151  North.  Allegheny,  Pa. 
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Roebling  Fire  Proof 
Construction. 


W.  N.  KRATZER  &  CO. 


ROEBLING  S  STANDARD 
WIRE  LATH. 


STRUCTURAL  AND  ORNAMENTAL  IRON  WORK. 

ARCHITECTURAL  CASTINGS.  CORRUGATED  IRON.  ROLLING  STEEL  SHUTTERS. 

Nos.  3214-3230  Smallman  Street, 

Phones:  Bell  353  Fisk.  P.  &  A.  73  Lawrence.  PITTSBURG,  PA.  < 

'(•XsXsXSXaXsXsXsXsXSXsXs^ 


Bell  Phone, 
Court  1322-J. 


C.  LUDLOW  LIVINGSTON 

ATTORNEY-AT-LAW 

Patents  and  Patent  Causes 


1102  Frick 
Building, 
PITTSBURG, 
PA. 


Nine  years  practical  Mechanical  and  Electrical  experience. 


THE  AMSLER  ENGINEERING  CO. 

EMPIRE  BUILDING,  PITTSBURGH,  PA. 

BLAST,  OPEN-HEARTH,  HEATING  AND  GLASS  FURNACES, 

AMSLER  GAS  PRODUCERS,  CONCRETE  AND  BRICK  WORK. 


H.  E.  GRANT,  Chairman.  W.  M.  SCAIFE,  Treas.  0.  P.  SCAIFE,  Jr.,  Sec. 

OLIVER  P.  SCAIFE  &  GO.,  k& 


MANUFACTURERS  OF 


GAS,  AIR, 
OIL,  WATER 


TANKS 


specialties: 


Receivers  and  Cylinders 

For  Compressed  Gas  and  Air. 
offices:  works: 

421  Wood  St.  &  Elizabeth  &  Gloster  Sts.  Glenwood,  Baltimore  &  Ohio  Railroad. 

PITTSBURG,  PENNA. 


TELEPHONE,  HAZELWOOD  22. 


Patented  November  20,  1900. 


Cadman’s  Indestructible 
Blow  Off  Valve. 


Both  Valve  and  Seat  Reversible  to 
facilitate  repairs. 


Practically  equal  to  TWO  ordinary 
Valves. 


To  repair,  turn  valve,  or  seat,  or 
both  upside  down. 


A.  W.  CADMAN  MFG.  CO., 

2814-2816  Smallman  Street, 
PITTSBURG,  PA. 


r . . 1 

THE  CHAPLIN-FULTON  MFC.  CO.  $ 

MANUFACTURERS  OF  £ 

The  Vigilant  Feed  Water  Regulator  for  Steam  Boilers. 

#  Pressure  Regulating  Valves  for  Natural  Gas. 

£  Rogers’  Patent  Balance  Packing  Rings  for  Steam  Engines. 

£  28  TO  34  PENN  AVE.,  PITTSBURG.  PA. 


u 


\ 

W.  O.  DOOLITTLE, 

PATENTS  AND  PATENT  CAUSES. 

629  PARK  BUILDING,  PITTSBURG,  PA. 

TELEPHONE  GRANT  723. 


FISCHER  FOUNDRY  &  MACHINE  CO. 

BUILDERS  OF 

Rolling  Mill  and  Steel  Works  Machinery 

OP  EVERY  DESCRIPTION. 

PITTSBURG,  S.  S.,  PA. 
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JEFFREY 


Elevating.  Conveying.  Power  Transmission,  Screening.  Crushing  Dredging. 
Rock  and  Coal  Drilling,  Coal  Cutting,  Hauling  and  Washing  Machinery. 

OCR  CATALOGUES  ARB  TOURS  FOR  THE  ASKIHG. 

TheJEFFREY  MANUFACTURINGCO..  Columbus,  O.,  U.S.  A. 


National  Fire  Proofing  Co. 


Pittsburg.  New  York, 
Philadelphia,  Boston, 
Chicago.  Baltimore,  Md. 


We  own  patents  for  the  Johnson  System  of  Fire  Proofing. 

Residences  and  other  buildings  can  be  made  fire  proof  without  the  use  of  steel.  Let  us  give 
you  estimates. 


PANNIER  BROS.  STAMP  C0„  Inc., 

MANUFACTURERS  OF 

STEEL  A.IND  RUBBER  STAMPS, 

Seals,  Stencils,  Tin  Plate  Dies,  Box  Printing  Plates. 

Badges,  Burning  Brands,  Etc., 

319-321  Fiftli  Ave.,  Bell  Phone  3543  Brant,  PITTSBURG,  PA. 


COVERING 

f/C 


PIPE 

CUTTING 
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L.  VILSACK,  President. 


R.  MARTIN,  Gen.  Mgr. 


J.  G.  VILSACK.  Secy  t  Treas. 


VILSACK,  MARTIN  CO.,  Limited, 

Iron  and  Steel  Work  for  Buildings,  Iron  Fencing,  Wire  and  Ornamental  Iron  Work  and  Bridge  Railing. 
Long  Distance  Telephone,  C.  D.  &  P.  Fisk,  90.  P.  &  A.  Lawrence,  90. 


3226,  3228,  AND  3230  PENN  AVENUE, 


PITTSBURG,  PA. 


CONSULTING  ENGINEER. 

HEATING  AND  VENTILATING. 

w.  w. 

PATTEN, 

Steam  and  Hot 

Water  Construction, 

Office  with  the  Graff  Company. 

Bell  Telephone,  559  Grant. 

P.  &  A.  Telephone,  559  Main. 

909 — 911  Liberty  Street. 

~  PITTSBURG,  PA. 

Plans  and  Estimates  Furnished.  Job  Work  Promptly  Attended  To. 

Pittsburg 

Crust 

Company 

Chartered  March  10,  1893. 
Charter  Perpetual. 

323  Fourth  Ave. 


4%  SAVINGS 
DEPOSITS 

Withdraw  $100 
without  notice. 


Compounded 

Interest 

Semi-Annually. 


CHECKING 
ACCOUNTS  V° 

Subject  to  Check. 


You  can  open  an  Account  and  do  all  your  Banking  by  Mail. 
Write  for  Booklet  E. 


DIRECTORS. 

B.  F.  Jones,  Jr.,  W.  P.  Snyder,  J.  C.  Reilly,  C.  R.  McVay, 
J.  I.  Buchanan,  Geo.  M.  Laugh lin,  Henry  Buhl,  Jr. 

S.  H.  Yandergrift,  Chas.  H.  Hays. 


Manufacturers 

If  you  wish  to  buy  or  lease  on  royalty, 
patents  on  hardware  or  mail  order  special¬ 
ties,  machinery — or  in  fact  anything  else — 
write  to  me.  I  am  in  constant  touch  with 
inventors  and  owners  of  patents  in  practi¬ 
cally  every  line. 

ri  _  _  A  719  Mutual  Life  Bldg., 

tnas.  A,  oCOtt  BUFFALO,  N.  Y. 
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You  Pay  for  Advertising 

Do  You  Get  the  Full  Value 
of  Your  Money  ? 

If  you  don’t,  there’s  a  cause — just  as  certainly  as 
reason  exists  for  all  other  effects  in  your  business. 

Suppose  you  let  us  diagnose  your  case.  We 
don’t  set  ourselves  up  as  infallible;  but  we  have 
improved  the  publicity  of  scores  of  other  advertis¬ 
ers  throughout  the  country,  so  we  ought  to  benefit 
YOUR  business. 

We  will  be  glad  to  call  or  write,  if  you  will  give 
us  the  opportunity. 

Our  staff  and  equipment  are  at  your  disposal, 
for  the  preparation  and  placing  of  attractive  and 
effective  advertising.  You’ll  be  pleased  with  the 
forceful  copy  which  we  shall  submit  to  you — “built 
to  bring  business. “ 

We  write,  design,  illustrate,  print  and  place  all 
kinds  of  advertising  matter  in  newspapers,  maga¬ 
zines,  trade  papers,  street  cars  and  on  billboards. 

We  give  special  attention  to  the  preparation  of 
unique  Booklets,  Catalogues,  Circulars,  Mailing 
Cards  and  Folders.  You  can  have  an  estimate  and 
dummy  of  any  of  these,  involving  no  expense  on 
your  part. 

Every  proposition  is  treated  as  a  problem  worthy 
of  serious  effort — regardless  of  the  size  of  the  ap¬ 
propriation.  It  is  this  intelligent  and  conscientious 
attention  to  details,  combined  w  ith  technical  skill 
of  a  high  order  in  our  literary  and  art  departments 
w’hich  explains  our  success. 


W.  S.  HILL  COMPANY, 

A  Dependable  Advertising  Agency, 


Vandergrift  Building,  PITTSBURG,  PA, 


— 


BOTH  PHONES. 
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PATTERN  MAKERS. 

C.  D.  &.  P.  Court  1510. 
P.  &,  A.  Main  1510. 


BRUSH  &  STEPHENS  CO 


106-108  Penn  Avenue, 
Pittsburg,  Pa. 


CORRESPONDENCE  INVITED 


o:ox>:oc»;o;ox)x>;o:o:o;o;oo;o^o 


THE  CARTER  ELECTRIC  CO., 


ELECTRICAL 
ARROTT  POWER  BLD’G, 


SCOTT  PLACE, 

Pittsburgh,  pa. 


CONTRACTORS, 

telephones: 

1774 


BELL, 
P.  &  A. 


GRANT. 

MAIN 


^o:oto:oto:o:o:q 


(•XsXsXsXsXsXsXSXsXs)®®^^ 


Designers  of  Special  Machinery.  Gear  Cutting  and  Repair  Work. 

EAGLE  TOOL  AND  MACHINE  CO., 

219  to  223  Ann  St.  and  518  Robinson  St.,  Allegheny,  Pa. 

MANUFACTURERS  OF 

Shears,  Punches  and  Presses,  Sheave  Wheels,  Friction  Pulleys  and 

Clutches,  Hangers  and  Shafting. 

ALLEGHENY,  PA. 


TURNBUCKLES.  CLEVIS  NUTS. 


ENTERPRISE  CONTRACTING  COMPANY, 


CONTRACTORS  FOR 

PILE  DRIVING,  TRESTLES,  DOCKS,  MASONRY,  DREDGING  AND 

CONCRETE  WORK. 

Bessemer  Building,  PITTSBURG,  PA. 

Telephones,  Bell  1865  Court.  P.  &  A.  1645  Main. 


STANDARD  ELECTROTYPE  CO. 

INCORPORATED 

ELECTROTYPING  AND  STEREOTYPING 

ARROTT  BUILDING,  barker  place,  PITTSBURGH  Phones  j  pe&  ^lm  Alain 


llJ 


Weinland  Instruments 

EaE“Boiler  Surgery” 


The  worst  cases  of  Scale  can  be  operated  upon  successfully  with 

Weinland 
T  ube 
Cleaners. 

Water  drives  the 
machine,  and  a 
steady  grinding 

process  cuts  the  scale  from  the  iron  without  expanding,  loosening  or  in¬ 
juring  tubes  in  any  way.  They  have  restored  thousands  of  boilers  to 
perfect  condition,  and  what  they  have  done  for  others  they’ll  do  for 
you.  This  cut  shows  our  No.  8— THE  KING  OF  TURBINE  CLEANERS, 
besides  which  we  manufacture  others— hand  Cleaners  and  Power 
Driven  Cleaners— All  kinds  and  sizes  for  all  styles  of  boilers  and  all 
sizes  of  tubes.  “No  Tube  Cleaner  like  ‘A  W  EINLAND’  ’’ — Anybody 
who’s  used  one  will  tell  you  that. 


FOR  AMPUTATING”  TUBES  USE 

The 

Lagonda 
Tube 
Cutter. 

Cuts  at  any  point 
of  the  tube. 

It  does  the  work  quickly,  easily,  and  cuts  clean  every  time — leaves  no 
burr.  Does  not  bend  or  mar  the  tube  in  any  way.  A  simple,  inexpen¬ 
sive  tool  needed  in  every  boiler  room. 

TRY  OUR  DAMPER  REGULATOR  FOR  “CONSUMPTION” 

OF  COAL-SURE  CURE  !  GET  CATALOGUE. 


The  Lagonda  Mfg.  Co 

Springfield,  Ohio. 

Pittsburg-  Office  at  112  Wood  Street 
ROBERT  GREGORY,  Manager. 
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y '  These  are  the  original,  reliable,^ 
quick-opening  valves,  constructed  on 
practical  principles. 

The  “Handy”  for  75  lbs.  working 
pressures  is  made  in  Brass,  l/2  to  4  in¬ 
ches  ;  in  Iron,  brass  mounted,  2  to  8  in¬ 
ches  ;  All  Iron,  1  to  8  inches. 

The  “I^ever  Throttle”  for  175  lbs 
working  pressures  is  made  in  Brass,  yA 
to  2^  inches;  in  Iron,  brass  mounted, 
2 to  6  inches.  Either  pattern  made 
only  in  screw  ends.  Specify  Lunken- 
heimer  and  order  from  j-our  dealer. 
Write  for  catalog. 

The  Lunkenheimer  Company, 

Largest  Manufacturers  of 
Engineering  Specialties  in  the  World. 

CINCINNATI,  0.,  Branches  : 

iic  *  New  York:  26  Cortlandt  St. 

^ T  n/i  An  •  Q HfLiO  ¥  FIatto »- 


— Sj 

w? 

1  *7  /• 

£5xV<C"/-T'~-  }• 

r.  ->S 

All  designs  and  gauges 
and  sizes  from  3  to  55 
tons.  Special  patterns 
for  mines,  steel  works 
and  industrial  service. 

Upwards  of  40  com¬ 
pressed  air  haulage 
plants,  surface  or  under¬ 
ground  in  operation  with 
1  to  9  locomotives. 

Illustrated  Catalogue 
No.  24  Shifter.  mailed  free.  No.  98  Pneumatic. 

LIGHT  LOCOMOTIVES— STEAM  AND  PNEUMATIC. 

H.  K.  PORTER  CO.,  WOOD  AND  SIXTH  STS.,  PITTSBURG,  PA. 


The  Expanded  Metal  Fire  Proofing  Go. 

of  PITTSBURG. 

54 1  Wood  Street,  Bank  of  Commerce  Building. 

Armoured  Steel  Concrete  for  Fire  Proofing, 
Bridge  Floors  and  Factory  Buildings,  Foun= 
dations — all  Classes  Concrete  Construction. 
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INSPECTION  OF  MATERIAL.  SUPERINTENDENCE. 

J.  H.  MILHOLLAND, 

Civil  Engineer. 


REPORTS. 


413  FOURTH  AVENUE,  PITTSBURGH,  PA. 


Surveys,  Plans  and  Estimates 
for  Mines.  Railroads,  Street  Car  Lines. 


telphone 


/  BELL  22451  COURT. 

(BELL  206-0  W  K  BO. 


H.BROOKSeCo.QiVELAfiS'0- 

or&Sidewalk  Lights. 


OF  EVERY  DESCRIPTION. 
SENDfSPCATALOGUE. 


Pittsburg  Construction  Co. 

BISSELL  BLOCK,  PITTSBURG. 

Coal  Tipples,  Trestle  Work,  Grading  Masonry. 

>  MILL  BUILDINGS 

*  Constructed  of  Brick,  Wood,  Stone,  Concrete  and  Steel. 


THE  PITTSBURGH  PLATE  GLASS  CO.. 

Through  Its  Twenty  Warehouses  Possesses  Unrivaled  Job¬ 
bing  Facilities  in  all  Its  Lines. 

Large  and  complete  stocks  of  POLISHED  PLATE  GLASS  and  SILVER¬ 
ING  PLATE  in  ALL  THICKNESSES  are  always  on  hand  and  can  he  shipped 
from  each  or  any  of  the  Warehouses  with  promptness. 

MIRRORS. 

There  are  plants  at  the  various  Warehouses  for  the  manufacture  of  Plain 
and  Beveled  Mirrors  ;  and  where  Silvering  and  Bevelling  are  done  on  a  larger 
scale  than  at  any  other  establishments  in  this  country. 

WINDOW  GLASS. 

In  large  stocks  and  of  all  sizes,  together  with  fullest  lists  of  PAINTS,  OILS, 
LEADS,  VARNISHES  AND  BRUSHES.  We  are  Sole  Distributors  of 

PATTON’S  FAMOUS  SUN-PROOF  PAINTS. 

Also  Jobbers  of  Mirrors,  Bevelled  Plate,  Art  Glass,  Skylight  and  Floor 
Glass,  and  Bent  Glass.  Our  Warehouses,  where  complete  stocks  of  Sun-Proof 
Paint,  and  Glass  in  all  lines  are  kept  constantly  on  hand,  are  as  follows : 

New  York,  Hudson  &  Yandam  Sts.  Pittsburgh,  101-103  Wood  St.  Davenport,  410416  Scott  St. 

Boston.  4145*  Sudbury  St.  Milwaukee.  45*245*4  Market  St.  Cleveland,  149-51-53  Seneca  St. 

Chicago,  442452  Wabash  Ave.  Buffalo.  3724-6-8  Pearl  St.  Baltimore.  Daily  Record  Bldg. 

Cincinnati.  Broadway  &  Court  Sts.  Brooklyn.  635-637  Pulton  St.  Omaha.  1608-10-12  Harney  St. 

St.  Louis,  12th  &  St.  Charles  Sts.  Greensboro.  N.  C..  Loan  &  Trust  St.  Paul.  349-351  Minnesota  >t. 
Minneapolis.  500-510  S.  'Ihird  St.  Co.  Building.  Atlanta.  32-34  S.  Pryor  St. 

Detroit,  53-59  Lamed  St.  E.  Philadelphia.  Pitcairn  Building,  Savannah,  602-61*  Klver  St. 

Kansas  City, Fifth  &  Wyandott  Sts.  Arch  and  11th  Sts. 


The  Complete  Electrical  Equipment 
For  This  Building, 

Stoneleigh  Court,  Washington,  D.  C., 

INSTALLED  BY  THE 


Iron  City  Engineering  Company, 

921  FRICK  BUIUDIIVG, 
PITTSBURG,  PA. 

Bell  Long  Distance  Phone,  Court  1599.  P.  &  A.  Long  Distance  Phone,  Main  1376. 


Write  for  Estimates 
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Let  us  Submit 


Plans 


and  Estimates 


MANUFACTURERS  OF 


t  ^ 


j 


Patent  Waste 

Packed  Wheel. 
Simplest  and 

Best  Made  .  .  . 


Screens* 

Screen  Bars, 

Screening  Plants 

“  Complete, 

< 

Car  Dumps, 

Cars, 

Larry  Wagons, 

<a  Hitchings,  Etc. 


24 


S.  DIESCHER  &  SONS, 

Consulting,  Mechanical  and  Civil  Engineers, 

1503-4-5-6  Farmers  Bank  Building,  PITTSBURG,  PA. 

IRON  AND  STEEL  WORKS  AND  GENERAL  MANUFACTURING  PLANTS. 


TIN,  COPPER 
AND  SHEET  IRON 

WORKERS. 
SKYLIGHTS. 
CORNICES. 
COAL  AND  COKE. 


BOTH  PHONES. 


EAST  END  ROOFING  CO., 

(incorporated  ). 

H.  M.  McMI  LLI  N  ,  MANAGER. 
7204  Hamilton  Avenue,  East  End. 

FURNACES. 

One,  Two  and  three  ply  Paper. 


SLATE,  GRAVEL, 
IRON, 
PAPER, 

AND  ALL  KINDS 
OF 

ROOFING. 


RITER-CONLEY  MFG.  CO. 

J  -  STEEL  CONSTRUCTION, 

|  BUILDINGS,  PLATE  GIRDERS,  GAS  HOLDERS, 
I  RIVETED  PIPE,  TANKS  and  all  kinds  plate  work. 

Works:  PITTSBURGH.  General  Office; 


special  attention 

PAID  TO 

Shoring  Up 
Fronts, 

Setting  Columns, 
Beams  and 
Girders, 

Shoring  Up  and 
Straightening 
Floi  >rs. 

YARD, 

’Phone  C.  D.  &  P. 

1589  Grant. 

1721  Bluff  Street. 


II. 

HOUSE  MOVER  AND  RAISER. 

BRICK  and  STONE  BUILDINGS 
RAISED  and  MOVED. 

Office,  616  Chamber  of  Commerce  Building,  Chicago,  III. 

BRANCHES  : 

1151  ST.  CLAIR  ST..  CLEVELAND,  0. 

98  VANDERGRIFT  BLDG.,  PITTSBURG,  PA. 


BANK 


^r/BYMAIL 


m0L^er  where  you  live 
you  Caen  do  yo\ir  banking 
with  vis  by  madl  as  safely 
and  as  conveniently  as  in 
person.  We  have  depos¬ 
itors  in  almost  every  part 
of  the  world. 

The  U.  S.  Mails  bring  our  Bank 
to  your  Post  Office,  and  the  safety 
of  your  money  in  transit  by  Bank 
Dra.ft,  Post  Office  or  Express 
Money  Order  is  guaranteed  by  us. 

Deposits  received  at  any  time,  and  in  any 
amount,  from  $1.00  up.  Four  per  cent,  in¬ 
terest  paid,  compounded  twice  yearly. 

Write  for  Booklet,  telling  about  our  bank  and 
this  20th  Century  method  of  banking. 
Plea.se  mention  this  paper. 

Assets:  $14,500,000.00. 


PITTSBURGH  BANK  FOR  SAVINGS 

SMITHFIELD  ST  &  FOURTH  AVE 
ESTABLISHED  1862  PITTSBURGH  Vk 


t 
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Monongahela 
Manufacturing  Co. 


We  equip  haulage  plants  toith  sheaoes, 
rollers,  wire  rope,  cable  grips  and  haul¬ 
age  engines---both  tail  rope  and  endless 
rope.  We  also  build  hoisting  engines, 
either  geared  or  direct  acting,  toith 
toood  or  iron  lagged  drums. 


Plans  and  Estimates  sent  upon  request. 
When  writing,  state  conditions  and  requirements. 


MONONGAHELA,  PA. 
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R01J6RT  W.  HUNT  &■  CO. 

Bureau  of  Inspection,  Tests  and  Consultation. 

NEW  YORK.  CHICAGO.  PITTSBURG. 

- INSPECTION  OF - 

Rails  and  Fastenings,  Electrical  Equipment,  Cars,  Locomotives,  Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures. 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Properties 

and  Processes. 


Jenkins  Bros.’ Valves 

The  metal  and  workmanship  are  the  best.  All  parts  are 
interchangeable.  Need  no  regrinding,  as  they  are  more 
U  effectively  repaired  by  renewing  the  disc,  which  can  be 
easily  and  quickly  done  without  removing  valve  from 
the  pipe,  and  costs  but  a  trifle.  Insist  on  having  the  gen¬ 
uine,  which  always  bears  our  Trade  Mark. 

JENKINS  BROS.,  New  York,  Boston,  Philadelphia,  Chicago.  London. 


WHEEL  CHAIRS 


ALL  KINDS  FOR  INVALIDS  AND  CRIPPLES. 

Built  on  new  and  practical  methods,  at  mo  ler.ite  prices. 
Full  particulars  on  application. 

RECLINING  CHAIRS 

FOR  LIBRARY  OR  SICK  ROOM. 

Every  known  position  for  comfort.  Write 
us  for  free  illustrated  catalogue. 

Mention  this  publication. 

STEVEN’S  CHAIR  COMPANY, 

41  SEVENTH  ST.,  PITTSBURG.  P». 

Formerly  31  Sixth  Street. 
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Telephones 

STEAMERS 

Main  Office  -f  ^  ^  Court 

Main  umce  j  P  &  A  2292  Main 

Yards 

MARGARET 

REBECCA 

CHARLOTTE 

HARRIET 

Rodgers 

Sand 

Go. 

Dealers  and  Shippers  of  all  Kinds  of 

SAND  AND  GRAVEL 

By  River, 

Rail  or  Wagon 

321  Water  Street 

PITTSBURG,  PA. 

Dexter  Portland  Cement 

The  Success  of  the  Twentieth  Century 

Sole  Agents  SAMUEL  H.  FRENCH  &  CO.  Philadelphia 


JUTTE  &  FOLEY  CO.,  CONTRACTORS. 

HEAVY  MASONRY,  CONCRETE,  RIVER  AND  RAILROAD  WORK, 
PILE  DRIVING  AND  TIMBER  WORK. 

PHONE  3433  court.  32  Conestoga  Building,  PITTSBURG,  PA. 


Concrete  arch,  built  by  Jutte  &  Foley  Co.,  over  McIntyre  Creek,  Wabash  Railroad  ; 
280  feet  long,  50-foot  span,  45  feet  high  from  low  water,  foundations  under  bench  walls  43  feet 
wide  on  each  side,  20,000  barrels  Alpha  Portland  Cement  used. 


2  it 


INDEX  TO  ADVERTISERS. 
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Phillips  Mine  &  Mill  Supply  Co . 23 

Pgh.  Bank  for  Savings . 25 

Pgh.  Construction  Co . 21 

Pgh.  Mfg.  Co . 13 

Pgh.  Meter  Co . 10 

Pgh.  Plate  Glass  Co . 21 

Pgh.  Trust  Co..  ig 

Pope  Cement  &  Brick  Co . 34 

Porter  Co.  H.  K . 

Rawsthorne  Engr.  Co.,  Robt . 18 

Real  Estate  Trust  Co . 6 

Reliance  Engraving  Co .  9 

Rodgers  Sand  Co . 28 

Riter-Conley  Mfg.  Co . 24 

Scaife  A  Co..  Oliver  P . 12 

Schutte  A  Koerting  Co .  7 

Scott,  Chas.  A .  16 

Seaman-Sleath  Co . 27 

Sheeler,  n  _*4 

Sommerfeld  Machine  A  Mfg.  Co. . 1 

Standard  Electrotype  Co . .*.18 

Stevens  Chair  Company . 27 

Stieren  Co.,  The  Wm.  E . 6 

Swensson,  Emil . 9 

Taylor,  Wilson  &  Co .  10 

Union  Steam  Pump  Co .  7 

United  Engineering  A  Foundry  Co . . . 34 

Vilsack,  Martin  A  Co.,  Ltd . 1$ 

Watson  Wooden  Tank  Co . 30 

Westinghouse  Electric  A  Mfg.  Co . 10 

Westinghouse  Machine  Co . 10 

Worthington,  Chas . a 

Worthington.  Henry  K.  (cover)  ....  . 
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MACKINTOSH,  HEMPHILL  &  CO. 

FORT  PITT  FOUNDRY. 

Twelfth  and  Etna  Streets,  -  -  Pittsburg,  Pa. 
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MANUFACTURERS  OF 

RollingMills, 

Hydraulic  or 
Geared  Shears, 
Presses, 

Punches,  Riveters. 

CORLISS,  REVERSING 
and  BLOWING 

Engines 

Iron,  Steel  and  Brass 
Castings. 


Miscellaneous  |ron  antj  steel  Works  Machinery. 


D.J. KENNEDY  COMPANY 

DISTRIBUTORS 

Lehigh  Portland  Cement 
Cumberland  and  Potomac  Cement 

HIGH  GRADE  FIRE  BRICK 


FINE  FACE  BRICK  AND  BUILDERS’  SUPPLIES 


150  FRANKSTOWN  AVENUE  <5 
1501  ARROTT  BUILDING 


PITTSBURG,  PENNA. 


WATSON  WOODEN  TANK  COMPANY 


MANUFACTURERS  FOR  MORE  THAN 
25  YEARS  OF 


TOWERS  AND  WOODEN  TANKS 


frtm  5  to  5,000  Bbls.  Capacity. 

ELEVATED  TANKS  FOR 

AUTOMATIC  SPRINKLERS 


a  specialty. 


BWfe,  Pittsburg,  Pa. 
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CLASSIFIED  LIST  OF  ADVERTISEMENTS 


Advertising-  Ag-ents. 

W.  S.  Hill  Co. 

Air  Compressors. 

Hall  Steam  Pump  Co. 

H.  R.  Worthington. 

Aluminum  Babbit  Metal. 

A.  W.  Cadman  Mfg.  Co. 

Automatic  Water  Heaters. 

Monarch  Water  Heater  Co. 

Ballast. 

Pope  Cement  &  Brick  Co. 

Bakers’  Machinery. 

Bair  &  Gazzam  Mfg.  Co. 

Banking. 

Colonial  Trust. 

Home  Trust  Co. 

Pittsburgh  Bank  for  Savings. 

Real  Estate  Trust  Co. 

Bath  Boom  Water  Heater. 

Monarch  Water  Heater  Co. 

Belting. 

Main  Belting  Co. 

Blacksmithing. 

Bair  &  Gazzam  Mfg.  Co. 

Blast  Furnaces. 

Kloman  Co.,  Inc. 

Blue,  Brown  &  Black  Prints  &  Papers. 

W.  E.  Stieren  Co. 

Boiler  Compounds. 

Dearborn  Drug  &  Chemical  Co. 

Boiler  Boom  Specialties. 

Lagonda  Mfg.  Co. 

Boilers. 

The  Petroleum  Iron  Works  Co. 

Boiler  Water  Heaters. 

Monarch  Water  Heater  Co. 

Brass  Castings. 

A.  W.  Cadman  Mfg.  Co. 

Building  Brick. 

Kennedy,  D.  J.  Co. 

Pope  Cement  &  Brick  Co. 

Patterson  Coal  &  Supply  Co. 

Building  Baiser  and  Mover. 

H.  Sheeler. 

Builders’  Supplies. 

Kennedy,  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 

Buildings — Steel. 

Riter-Conley  Mfg.  Co. 

Cables. 

A.  Leschen  &  Sons  Rope  Co. 

Car  Dumps. 

J.  D.  Mcllwain  &  Co. 

Phillips  Mine  &  Mill  Supply  Co. 

Car  Hitchings. 

Phillips  Mine  &  Mill  Supply  Co. 

Frick  &  Lindsay  Co. 

Cement. 

Atlas  Portland  Cement  Co. 

Edison  Portland  Cement  Co. 

Kennedy  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 

Pope  Cement  &  Brick  Co. 

Chemists. 

Dearborn  Drug  &  Chemical  Co. 

Civil  Bngineer — Instruments  &  Supplies 
W.  E.  Stieren  Co. 

Clevis  Nuts. 

Cleveland  Citv  Forge  &  Iron  Co. 

Coal  Cars. 

Phillips  Mine  &  Mill  Supply  Co. 
Concrete  Stone. 

Pope  Cement  &  Brick  Co. 
Condensers. 

Schutte  &  Koerting  Co. 

Conduit. 

National  Fire  Proofing  Co. 

Contractors  Concrete. 

Jutte  &  Foley  Co. 


Contractors  Biver  Work. 

Jutte  &  Foley  Co. 

Contractors — General. 

Enterprise  Contracting  Co. 

Jutte  &  Foley  Co. 

Pgh.  Construction  Co. 

Contractors — Electrical. 

irou  City  Engineering  Co. 

Carter  Electric  Co. 

Contractors  File  Driving. 

Jutte  &  Foley  Co. 

Contractors  Bailroad. 

Jutte  &  Foley  Co. 

Contractors  Stone  Masonry. 

Jutte  &  Foley  Co. 

Copper  Wire. 

N.  P.  Hyndman. 

Frick  &  Lindsay  Co. 

Corliss  Engines. 

C.  &  G.  Cooper  Co. 

Couplings  (Shaft). 

Bair  &  Gazzam  Mfg.  Co. 

Draughting — Furniture. 

Wm.  E.  Stieren  Co. 

Dynamos  A.  C.  &  D.  C. 

Iron  City  Engineering  Co. 

Electrical  Apparatus. 

Westinghouse  Elec’l  &  Mfg.  Co. 
Electrical  Supplies. 

Irou  City  Eng.  Co. 

Electrotypes. 

Standard  Electrotype  Co. 

Elevators. 

Otis  Elevator  Co. 

Enameled  Brick. 

Pope  Cement  &  Brick  Co. 

Engine  Blowing  Builders. 

Mackintosh,  Hemphill  &  Co. 

Engines — Steam. 

C.  &  G.  Cooper  Co. 

Mackintosh,  Hemphill  &  Co. 

H.  K.  Porter  Co. 

Engineers — Consulting  &  Construction. 

Central  Pipe,  Valve  Si  Cons.  Co. 

Emil  Swensson. 

S.  V.  Huber  &  Co. 

W.  W.  Patten. 

Engineers — Bridge  &  Structural. 

Emil  Swensson. 

Engineers — Civil. 

Kennedy,  Julian. 

Somerville  Engineering  Co.  . 

J.  H.  Mllholland. 

Emil  Swensson. 

Engineers — Contractors. 

Dravo,  Doyle  &  Co. 

Engineers — Electrical. 

Iron  City  Engineering  Co. 
Westinghouse.  Church.  Kerr  Sc  Co. 
Engineers — Mechanical. 

S.  Dleseher  &  Son. 

Victor  Buetner. 

Kennedy,  Julian. 

S.  V.  Huber  Sc  Co. 

Westinghouse,  Church.  Kerr  Sc  Co 
Monongahela  Mfg.  Co. 

Engineers'  Supplies. 

Lagonda  Mfg.  Co. 

W.  E.  Stieren  Co. 

Engravings — Half-Tone — Wood  Cuts. 

J.  C.  Bragdon. 

Robt.  Rawsthorne. 

Reliance  Engraving  Co. 

Factories — Steel. 

Riter-Conley  Mfg.  Co. 

Feed  Water  Heaters  &  Purifiers. 

The  Petroleum  Iron  Wks.  Co. 

The  Lunkenhelmer  Co. 

Harrison  Safety  Boiler  Wks. 
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IT  IS  EASY 


One  of  the  most  prominent  Stone  Contractors  in 
this  city,  in  relating  his  experience  with  various 
Brands  of  Building  Lime  says,  that:  “One 
Hundred  Bushels  of  WASHINGTON  BUILDING 
LIME  made  three  large  beds  of  mortar;  while 
the  same  quantity  of  Other  Limes  made  only 
two  (of  the  same  sized)  beds  of  mortar.” 

IT  IS  EASY  then  to  figure  at  twenty=five  cents 
(25c.)  per  bushel.  WASHINGTON  BUILDING 
LIME  costs  only  Eight  Dollars,  Thirty=three 
and  one=third  Cents  ($8.33>^)  for  one  bed  of 
mortar  while  the  OTHER  LIMES  at  twenty= 
four  cents  (24c.)  per  bushel  cost  Twelve 
Dollars  ($12.00)  for  the  same  sized  bed  of 
mortar.  Draw  your  own  conclusions. 

“A  Word  to  the  Wise  is  sufficient .** 


PATTERSON  COAL  & 
SUPPLY  COMPANY 

ALLEGHENY,  PA. 


YOU  SEE  OUR  WAGONS  EVERYWHERE. 
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Fencing. 

Central  Expanded  Metal  Co. 

Fire  Brick. 

Kennedy,  D.  J.  Co. 

Kler  Fire  Brick  Co. 

Patterson  Coal  &  Supply  Co. 

Tire  Clay. 

Patterson  Coal  ft  Supply  Co. 

Pire  Proofing-. 

Expanded  Metal  Fire  Proof  Co. 
Nnt.  Fire  Proofing  Co. 

Plue  Lining. 

Patterson  Coal  &  Supply  Co. 

Porgings. 

Chester  B.  Albree. 

Purniture — House. 

Stevens  Chair  Co. 

Galvanizing  Machinery. 

Bair  ft  Gazzam  Mfg.  Co. 

Gas — Compressed. 

Oliver  P.  Scalfe  ft  Co. 

Gas  Engines. 

H.  R.  Worthington. 

Gas  Meters. 

Pgh.  Meter  Co. 

Gas  Washers. 

Kloman  Co.,  Inc. 

Gears. 

Sominerfeld  Mach.  ft  Mfg.  Co. 
Gear  Cutting. 

Engle  Tool  ft  Mach.  Co. 

Bair  &  Gazzam  Mfg.  Co. 

Gear  Planing. 

Bair  &  Gazzam  Mfg.  Co. 

Gravel  and  Asphalt  Roofing. 

Kennedy,  D.  J.  Co. 

Gravel  &  Sand. 

Kennedy,  P  J.  Co. 

Patterson  Coal  &  Supply  Co. 
Rodgers  Sand  Co. 

Hauling  &  Hoisting  Engines. 
Monongaliela  Mfg.  Co. 

A.  Leschen  ft  Sons  Rope  Co. 
Rangers. 

Bair  &  Gazzam  Mfg.  Co. 

Heating  (Warm  Air)  Purnaces. 

East  End  Roofing  Co. 

Hollow  Building  Blocks. 

National  Fire  Proofing  Co. 
Patterson  Coal  &  Supply  Co. 
House  Mover  &  Raiser. 

H  Sheeler 

Illustrators  of  Advertising. 

W.  S.  Hill  Co. 

Illustrations  for  Catalogues,  etc. 

W.  s.  Hill  Co. 

Injectors. 

Schutte  &  Koerting  Co. 

The  Lunkenheimer  Co. 

Inspectors. 

Robt.  W.  Hunt  ft  Co. 
Instantaneous  Water  Heaters. 

Monarch  Water  Heater  Co. 

Iron  &  Steel  Work  Machinery. 

Mackintosh,  Hemphill  &  Co. 
Iron  Work  Specialty. 

Vllsack,  Martin  Co.,  Ltd. 

Jacks. 

J.  D.  Mcllwain  &  Co. 

Knife  Grinding. 

Bair  &  Gazzam  Mfg.  Co. 

Lamps — Arc  and  Inct. 

Iron  City  Engineering  Co. 

Larry  Wagons. 

Phillips  Mine  Sc  Mill  Supply  C«. 
Ligonier  Paving  Block. 

Pope  Cement  &  Brick  Co. 

Lime. 

Patterson  Coal  &  Supply  Co. 

Locomotives — Manufacturers. 

H.  K.  Porter  ft  Co. 

Machinery — Iron  &  Woodworking. 

Baird  Machinery  Co. 

Machinery — Glassworking. 

Sommerfeld  Mach.  &  Mfg.  Co. 


Machinery — Electrical. 

The  Jeffrey  Mfg.  Co. 

Iron  City  Engineering  Co. 

Machinery — Designers. 

Eagle  Tool  Sc  Machine  Co. 

Machinery — Dealers. 

Dravo.  Doyle  &  Co. 

Machinists — General. 

The  Jeffrey  Mfg.  Co. 

Bair  ft  Gazzam  Mfg.  Co, 
l'gh.  Mfg.  Co. 

Taylor,  Wilson  &  Co. 

Monongnbela  Mfg.  Co. 

Machinists’  Supplies. 

Baird  Machinery  Co. 

Manufacturers — Rubber  Paint. 

The  McCIlntock  ft  Irvine  Co. 
Mechanical  Tube  Cleaners. 

Lagonda  Mfg.  Co. 

Mill  Building  Steel. 

Rlter-Couley  Mfg.  Co. 
l’gh.  Construction  Co- 
Mills — Rolling. 

Seaman.  Sleeth  Co. 

Mine,  Mill  &  Coke  Works  Equipment. 

J.  D.  Mcllwain  ft  Co. 

Phillips  Mine  ft  Mill  Supply  Co. 

Frick  &  Lindsay  Co. 

Mirrors. 

The  Pittsburg  Plate  Glass  Co. 

Mining  Machinery. 

A.  Leschen  &  Sons  Rope  Co. 

Miscellaneous  Iron,  Steel  &  Brass  Cast¬ 
ings. 

Mackintosh,  Hemphill  &  Co. 

Models. 

Bair  Sc  Gazzam  Mfg.  Co. 

Motors — Electric. 

Iron  City  Engineering  Co. 

Natural  Cement. 

Kennedy,  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 

Newspaper  Advertising. 

W.  S.  Hill  Co. 

Ornamental  Iron  Works. 

T.  H.  Brooks  ft  Co. 

W.  N.  Kratzer  ft  Co. 

Packing. 

Frick  ft  Lindsay  Co. 

Jenkins  Bros.  . 

A.  Leschen  ft  Sons  Rope  Co. 

Paint — Asphaltum. 

The  McCIlntock  ft  Irvine  Co. 

Paints — Graphite  Paints. 

The  McCIlntock  ft  Irvine  Co. 
Wisconsin  Graphite  Co. 

W.  N.  Kratzer  ft  Co. 

Detroit  Graphite  Co. 

Paints — Dry,  Paste,  Ready  Mixed, 
Oxide  of  Iron  Paints. 

The  Pittsburg  Plate  Glass  Co. 

The  McCIlntock  ft  Irvine  Co. 

Paint  Manufacture. 

The  Pittsburg  Plate  Glass  Co. 

The  McCIlntock  ft  Irvine  Co. 

Detroit  Graphite  Co. 

Paint — Iron. 

The  McCIlntock  &  Irvine  Co. 

Patents. 

C.  Ludlow  Livingston. 

Chas.  A.  Scott. 

Pattern  Makers. 

Bair  ft  Gazzam  Mfg.  Co. 

Brush  ft  Stevens. 

Photographing  Objects. 

Reliance  Engraving  Co. 

Pipe  Covering. 

Central  Pipe,  Valve  &  Con.  Co. 

Pipe  Titters. 

Central  Pipe.  Valve  ft  Cons.  Co. 

Pipe  Joint  Paste. 

The  McCIlntock  ft  Irvine  Ov. 
Wisconsin  Graphite  Co. 

Pipe  Machinery. 

Taylor,  Wilson  ft  Co. 
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POPE  CEMENT  &  BRICK  CO. 

LIGONIER  PAVING  BLOCKS. 

Crushed  Stone  for  Ballast,  Concrete  and  Macadam. 
NORTHAMPTON  PORTLAND  CEMENT. 

Quarries,  Dunbar,  Pa.  Office,  421  Wood  Street,  Pittsburgh,  Pa. 


HOT  WATER. 

An  ever  ready  supply  in  any  quantity  by  simply 
opening  the  nearest  faucet. 

Mail  us  your  requirements  and  proper  recommend¬ 
ations  will  be  made. 

Arranged  for  Gas,  Gasoline  or  Coal. 

Sent  on  trial  and  fully  guaranteed. 

MONARCH  WATER  HEATER  CO., 

(new  works  and  office) 

1300-1342  River  AVe.,  -  -  Allegheny,  Pa. 

Branch  offices  in  all  large  cities. 


United  Engineering  &  Foundry 


COMPANY. 


SUCCESSORS  TO 


McGill  &  Company.  The  Lloyd  Booth  Company. 

Lincoln  Foundry  Company.  Chilled  Roll*Foundry  Company. 
Frank-Kneeland  Machine  Company. 


MANUFACTURE 

SAND,  CHILLED  and  STEEL  ROLLS. 

COMPLETE  EQUIPMENT  FOR 

Steel  and  Iron  Works  and  Tube  Plants, 

5  A 

-  t  -  -  .  %  ' 

General  Office:  Farmers  Bank  Building,  Pittsburg,  Pa. 
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Pipe — Sewer  &  Culvert. 

The  McCIlntock  &  Irvine  O' 

Pipe — Wrought  Iron  and  Steel. 

Frick  &  Lindsay  Co. 

Pitch. 

The  McClintock  Sc  Irvine  Co. 
Plaster  Paris. 

Patterson  Coal  &  Supply  Co. 
Portland  Cement. 

Edison  Portland  Cement  Co. 
Kennedy,  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 
Power  Transmission. 

The  Jeffrey  Mfg.  Co. 

A.  Leschen  &  Sons  Rope  Co. 
Presses. 

Mackintosh,  Hemphill  &  Co. 

Pressure  Regulators. 

Pittsburgh  Meter  Co. 

Printers. 

W.  S.  Hill  Co. 

Pulleys. 

J.  D.  Mcllwain  &  Co. 

Bair  &  Gazzam  Mfg.  Co. 

Pumps — Electrical  Driven. 

Iron  City  Engineering  Ce. 

Pumps — Steam. 

Hall  Steam  Pump  Co. 

Union  Steam  Pump  Co. 

H.  R.  Worthington. 

Pumping  Machinery. 

Hall  Steam  Pump  Co. 

Punches. 

Mackintosh,  Hemphill  &  Co. 

Quarrying. 

A.  Leschen  &  Sons  Rope  Co. 

Regulators — Automatic  Safety  Peed 
^  ci  tier 

The  Chaplin-Fulton  Mfg.  Co. 
Riveted  Pipe. 

The  Petroleum  Iro*  Wka. 
Rivetters. 

Mackintosh,  Hemphill  &  Co. 

Riveting  Machines. 

Chester  B.  Albree. 

Roofing  Gravel  Composition. 

East  End  Roofing  Co. 

Roofing  Slate. 

East  End  Roofing  Co. 

Roofing  Tin. 

East  End  Roofing  Co. 

American  Sheet  and  Tin  Plate  Co. 

Rolls  &  Pinions. 

Seaman.  Sleeth  Sc  Ce. 

Rolling  Mill  Machinery. 

Fisher  Foundry  Sc  Machine  Co. 
Rolling  Mills. 

Mackintosh,  Hemphill  Sc  Co. 

Rope— Wire. 

N.  P.  Hyndmaa 

A.  Leschen  &  Sons  Rope  Co. 

Rubber  Stamps. 

Pannier  Bros.  Stamp  Co. 

Sand  Chilled  and  Steel  Roda. 

United  Engineering  &  Foundry  Co. 
Sand  &  Gravel. 

Kennedy,  D  J.  Co. 

Patterson  Coal  &  Supply  Co. 
Rodgers  Sand  Co. 

Screens. 

The  Jeffrey  Mfg.  Co. 

Phillips  Mine  &  Mill  Supply  Co. 
Screening  Plant  Complete. 

Phillips  Mine  &  Mill  Supply  Co. 

Sewer  Pipe. 

Kennedy.  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 

Shafting. 

Bair  &  Gazzam  Mfg.  Co. 

Shears. 

Mackintosh,  Hemphill  &  Co. 

.Sidewalk  Eights. 

T.  H.  Brooks  Sc  Co. 


Special  Tools. 

Bair  &  Gazzam  Mfg.  Co. 

Spray  Nozzles. 

Schutte  &  Koerting  Co. 

Steel  Stamps. 

Pannier  Bros.  Stamp  Co. 

Steel  Rolls. 

United  Engineering  A  Foundry  Co. 

Stand  Pipes. 

The  Petroleum  Iron  Wks.  Co 

Steam  &  Hydraulic  Fittings. 

Central  Pipe.  Valve  &  Cons.  Co. 

Steam  Specialties. 

The  Lunkenhelmer  Co. 

Steam  &  Oil  Separators  “Cochrane.” 

Harrison  Safety  Boiler  Wks. 

Steam  &  Gas  Engines. 

Westlnghouse  Machine  Co. 

Steam  and  Hot  Water  Construction. 
W.  W.  Patten. 

Steam  &  Water- jet  Apparatus. 

Schutte  &  Koerting  Co. 

Steam  or  Power  Actuated. 

Hall  Steam  Pump  Co. 

Stacks. 

The  Petroleum  Iron  Wks.  Co. 
Structural  Iron  Works. 

Chester  B.  Albree. 

T.  H.  Brooks  &  Co. 

Surface  Grinding. 

Bair  &  Gazzam  Mfg.  Co. 
Syphons. 

Schutte  &  Koerting  Co. 

To  T1  Vs 

Oliver  P.  Scalfe  &  Co. 

The  Petroleum  Iron  Wks.  Co 
Watson  Wooden  Tank  Co. 

Tar  Felt  and  Roofing. 

The  McClintock  &  Irvin*  Co. 
Patterson  Coal  &  Supply  Co. 

^air* 

The  McClintock  Sc  Irvine  Co. 

Tin  &  Terne  Plates. 

American  Sheet  and  Tin  Plate  Co. 

Towers. 

Watson  Wooden  Tank  Co. 

Trade — Paper  Advertising. 

W.  S.  Hill  Sc  Co. 

Tramways  &  Wire  Rope. 

A.  Leschen  &  Sons  Rope  Co. 
Transformers. 

Iron  City  Engineering  Co. 

Tube  Cleaners. 

Lagonda  Mfg.  Co. 

Tumbuckles. 

Cleveland  City  Forge  Sc  Iron  Co. 
Valves — Steam. 

The  Lunkenhelmer  Co. 

Jenkins  Bros. 

Schutte  &  Koerting  Co. 

Wall  Coping. 

Patterson  Coal  &  Supply  Co. 

Wall  Plaster. 

Kennedy,  D.  J.  Co. 

Patterson  Coal  &  Supply  Co. 

Water  Heaters. 

Monarch  Water  Heater  Co. 
Water  Meters. 

Pittsburgh  Meter  Co. 

Water  Turbines. 

Lagonda  Mfg.  Co. 

Weinland  Tube  Cleaners. 

Lagonda  Mfg.  Co. 

Wheels,  Hand  Push  and  Min*  Car. 

J.  D.  Mcllwain  Sc  Co. 

Window  Glass. 

The  Pittsburg  Plate  Glass  Co. 
Wire  Rope. 

Frick  &  Lindsay  Co. 

A.  Leschen  &  Sons  Rope  Co. 
Wire  Rope  Fittings. 

A.  Leschen  &  Sons  Rope  Co. 
Wooden  Tanks. 

Watson  Wooden  Tank  Co. 
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MOST  PEOPLE  KNOW 


ROOFING  TIN 


So  did  their  grandfathers.  To-day,  we  want 
you  all  to  know  it  better. 

“The  Terne  which  turns  the  elements’ ;  merits 
all  the  consideration  you  can  give  it  and  is  now 
only  awaiting  a  chance  to  prove  conclusively  its 
many  points  of  superiority. 

We  can't  tell  you  all  about  MF  here — write 
our  Advertising  Department  for  a  sample  piece — for 
our  MF  Calendar — and  for  other  data.  They  have 
it  in  quantity  and  will  gladly  supply  you. 


AMERICAN  SHEET  4  TIN  PLATE  COMPANY 

FRICK  BUILDING 
PITTSBURGH,  PA. 


Vol.  XX. 


JANUARY,  1905. 


No.  12. 


CONTENTS : 

December  20 — Regular  Meeting. 

“The  Nernst  Damp” . E.  R.  Roberts. 

“Facts  Concerning  Patents  not  generally  under¬ 
stood,  or  of  General  Interest  to  Engineers”... Frederick  W.  Winter. 
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FRICK  &  LINDSAY  CO., 

109-1 II  Wood  Street, 

PITTSBURG, 

- 

PENNA. 

ROEBLING’S 

WIRE  ROPE. 

BLAKE  STEAM 
PUMPS. 

* 

MINE  MILL 

and 

OIL  WELL 
SUPPLIES. 

the  Mechanical  Efficiency 

OF  THE 

WORTHINGTON  TURBINE  PUMP 

IS  GUARANTEED. 

These  pumps  are  built  for  lifting 
all  volumes  to  any  head  up  to  2,000 
feet.  They  are  in  use  in  all  branches 
of  service  all  over  the  world.  The  range  of  service  varies  from  water¬ 
works  pumping  engines  handling  millions  of  gallons  to  the  smallest  pri¬ 
vate  supply  house  pumps  ;  from  pumps  in  sewerage  work  lifting  enormous 
quantities  a  few  feet  to  mine  pumps  working  against  heads  of  1,800  to  2.000 
feet  ;  from  pumps  handling  distilled  water  to  pumps  lifting  corrosive 
acids  and  fluids  containing  large  percentages  of  gritty  sediment. 


HENRY  R.  WORTHINGTON,  new  tS city. 


ESTABLISHED  i3S7 

A.LESCHEN  &S0NS  ROPE 


CO. 


Wl  RE  ROPE 

FOR 

MINES, 

QUARRIES, 

ELEVATORS, 

ETC. 


UNDERGROUND. SURFACE 
5  INCUNE  WIRE  ROPE 
HAULAGE  OUTFITS. 
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AERI  AL  WIRE  ROPE 

TRAMWAYS 

LESCHEN  SYSTEMS 
DU5EDAU  SYSTEM 


■if  ; 


ST.  LOU  IS,  MO. 


BRANCH  OFFICES'. 

NEW  YORK  - CHICAGO 

DENVER. 


LEADING  MACHINERY  DEALERS 

Baird  Machinery  Company 

We  Fill  All  Orders  with  the  Utmost  Dispatch 


124-126  First  Avenue 
123-125  Water  Street 


PITTSBURG,  PA. 


HALLSTEAM  PUMP  CO. 

PITTSBURG,  PA. 


■■KBB 


BUILDERS  OF  STEAM 
AND  POWER 

PUMPS  AND 
AIR  COMPRESSORS. 

SINGLE, 

STRAIGHT  LINE, 

DUPLEX,  TANDEM, 
COM  POUN  D  and 

CROSS  COMPOUND. 

Correspondence  Solicited. 
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DRAVO,  DOYLE  &  GOMPANY, 

MERCHANT  ENGINEERS, 

Lewis  Block,  -  -  -  -  PITTSBURG,  PA. 

Engineering  Specialties. 

Cochrane  Feed  Water  Heaters,  Puritiere  and  Ball  High  Speed  Automatic  Engines. 


Filters. 

Cochrane  Live  Steam  Separators. 
Cochrane  Vacuum  Oil  Separators. 


Medium  and  Slow  Speed  Throttllnt;  Engines. 
Engineering  Specialties  of  Every  Inscription. 

Complete  Installation  of  Tower  Plants.  dm 


Chester  B.  Albree  Iron  Works. 

STRUCTURAL  IRON  WORK. 

BRIDGE  RAILINGS. 

IRON  AND  STEEL  FORGINGS. 

PITTSBURGH  PNEUMATIC  RIVETERS. 

Sole  Manufacturers  of  the  THACHER  CONCRETE  BAR. 


1IIS  to  1131  Market  Street, 

ALLEGHENY,  PA, 
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COCHRANE  HEATERS 


If  you  are  going  to  run  your  main  engines  con¬ 
densing.  whether  you  use  reciprocating  engines  or 
turbines,  there  are  a  number  of  reasons  why  you 
should  use  Cochrane  Heaters  in  preference  to 
closed  heaters. 

The  value  of  the  water  saving,  for  example, 
that  is  made  possible  by  a  Cochrane  Heater— a 
saving  which  cannot  be  obtained  by  a  closed 
heater— may  not  strike  you  as  important  until  you 
ligure  it  out.  Let  us  see  what  it  means.. 

Take  for  example  a  1,000  H.  P.  boiler  plant. 
(If  your  plant  is  smaller, say  one-half  the  size,  you 
can  divide  the  results  given  below  by  two;  or  if  it 
is  twice  as  large,  multiply  the  results  by  two,  etc.) 
Let  us  suppose  that  you  will  average  only  ten  hours 
per  day.  that  only  3  per  cent  of  the  steam  made  by 
your  boilers  is  required  for  the  auxiliaries  (boiler 
feed  pump,  fan  engine,  condenser  pump,  service 
pump.  etc. )  and  that  the  boiler  feed  supply  will  be 
taken  from  the  hot  well  at  a  temperature  of  90°  F. 

Under  these  conditions,  a  Cochrane  Heater  will  save  you  almost  4,000  tons  of  water  per  year. 
Now  if  you  have  to  buy  your  water  supply,  or  if  the  water  is  scarce  or  forms  hard  scale,  then  it  is 
worth  while  to  save  this  4.000  tons,  isn't  it?  And  it  is  also  worth  while  to  put  in  a  Cochrane  Heater 
because  a  closed  heater  will  waste  this  4,000  tons  of  pure  water. 

But  the  water  saving  is  only  one  of  the  advantages  of  Cochrane  Heaters  over  closed  heaters.  Let  us 
send  you  our  catalogue  32-H  and  tell  you  of  the  other  advantages. 


HARRISON  SAFETY  BOILER  WORKS,  3150  ,>a 


Manufacturers  of  Cochrane  Feed  Water  Heaters ,  Cochrane  Steam  and  Oil  Separators 

and  the  Sorge-Cochrane  Systems. 


EDISON  PORTLAND  CEMENT 

is  of  perfect  color,  greatest  strength,  un¬ 
equalled  fineness.  85%  through  200 
mesh ;  98%  through  100  mesh.  Nine 
barrels  of  Edison  Cement  will  replace 
ten  barrels  of  any  other  brand,  produc- 
|  ing  superior  results. 

EDISON  PORTLAND  CEMENT  CO. 


Western  Office,  Farmers’  Bank  Bldg.,  PITTSBURGH,  PA 

Bell  Phone,  Grant  1814. 


